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New AftL scales are commonly tied to Richter's original definition at the
standard reference hypocentral distance of 100 km. The significantly weaker
L9 wave attenuation in Norway, however, requires a smaller reference distance.
We have chosen a value of 60 km, based on an overall assessment of regional
coverage, focal depths and quality of the data. The resulting ML formula for

Norway reads

Ahj = lo.,,,, + a log(I?/60) + b (I? - 60) + 2.68 +

where AILa is synthesized Wood-Anderson amplitude (in mm), R is hypocentral
di*- ce (in kn), and ., is a sLation correction term that for all 21 stations
is found to lie within the range± 0.22. -When using the entire data base the
spreading term a equals 1.02, and the anelastic attenuation term b equals 0.00080.

When only strictly continental ray paths are selected, the a-value decreases
to 0.91 while the b-value increases to 0.00087, a difference which on the average

accounts for less than 0.1 magnitude units. While all values used in the regressions
have been derived for vertical amplitudes, a separate analysis has shown that
these are not significantly different from the horizontal ones, and the new

scale is therefore applicable to both. In order to facilitate the practical
use of this new A!L scale, a relation has also been established between observed
seismogram amplitudes (corrected for instrument response) and the synthesized
Wood-Anderson amplitudes. This relation reads logAwa = 0.925 logA obs - 2.32.

The new AIL magnitudes for the events analyzed are in fairly good agreement
with those calculated from a previously used relation developed by Bith for

Sweden. The new values are, however, systematically about 0.4 magnitude units
lower, which is mostly due to the combined effect of a reference distance less
than 100 km and a Wood-Anderson magnification of 2080 instead of the earlier
value of 2800. The new AfL values have also regressively been related to a

data set of Mfs values, yielding the relation Als - 0.S3AL + 1.09.
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Preface

Under Contract No. F49620-C-89-0038, NTNF/NORSAR is conducting re-
search within a wide range of subjects relevant to seismic monitoring. The empha-
sis of the research program is on developing and assessing methods for processing
of data recorded by networks of small-aperture arrays and 3-component stations,
for events both at regional and teleseismic distances. In addition, more general
seismological research topics are addressed.

Each quarterly technical report under this contract presents one or several
separate investigations addressing specific problems within the scope of the state-
ment of work. Summaries of the research efforts within the program as a whole
are given in annual technical reports.

This Scientific Report No. 5 presents a manuscript entitled "The ML scale in
Norway", by A. Alsaker, L.B. Kvamme, R.A. Hansen, A. Dahle, and 11. Bungum.
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THE MiL SCALE IN NORWAY

by

A. ALSAKER, L.B. KVAMME, R.A. HANSEN, A. DAHLE, AND H. BUNGUM

ABSTRACT

A new local magnitude AML scale has been developed for Norway, based on a

regression analysis of synthesized Wood-Anderson records. The scale is applicable for

distances up to more than 1000 kin, and the data used comprise 741 short-period

recordings at 21 seismic stations from 195 earthquakes iii the magnitude range 1 to

5 occurring in and around Norway over the last 20 years. Magnitude corrections

fot distane have been evaluated in terms of a geometrical spreading term a and an

anelastic attenuation term b, and the significant regional crustal differences in the area

under investigation made it desirable to develop these for several subsets of the data

base. The results for a are generally found to be around the commonly found value of

1.0 (using the L2 phase), while the b-values are found to be around 0.0008, consistent

with the weak, intraplate attenuation expected for Norway. Compared to interplate

California, this difference in attenuation represents more than one magnitude unit at
a distance of 1000 km.

New ML scales are commonly tied to Richter's original definition at the standard

reference hypocentral distance of 100 km. The significantly weaker L. wave attenu-

ation in Norway, however, requires a smaller reference distance. We have chosen a
value of 60 kin, based on an overall assessment of regional coverage, focal depths and

quality of the data. The resulting ML formula for Norway reads

ML = logA,,, + a log(R/60) + b (R - 60) + 2.68 + S

where Aw is synthesized Wood-Anderson amplitude (in mm), R is hypocentral dis-

tance (in kin), and S is a station correction term that for all 21 stations is found to lie
within the range ± 0.22. When using the entire data base the spreading term a equals

1.02, and the anelastic attenuation term b equals 0.00080. When only strictly conti-

nental ray paths are selected, the a-value decreases to 0.91 while the b-value increases
to 0.00087, a difference which on the average accounts for less than 0.1 magnitude
units. While all values used in the regressions have been derived for vertical ampli-

tudes, a separate analysis has shown that these are not significantly different from the

horizontal ones, and the now scale is therefore applicable to both. In order to facilitate

the practical use of this new ML scale, a relation has also been established between

observed seismogram amplitudes (corrected for instrument response) and the synthe-

sized Wood-Anderson amplitudes. This relation reads logA,,,,, = 0.925 logAob, - 2.32.

The new ML magnitudes for the events analyzed are in fairly good agreement

with those calculated from a previously used relation developed by Bath for Sweden.

The new values are, however, systematically about 0.4 magnitude units lower, which



is mostly due to the combined effect of a reference distance less than 100 km and a
Wood-Anderson magnification of 2080 instead of the earlier value of 2800. The new
ML values have also regressively been related to a data set of Ms values, yielding the
relation Ms = 0.83ML + 1.09.

INTRODUCTION

The emergence in everyday seismological practice of concepts such as seismic mo-
ment, which relates in a well-defined way to energy release, or the "size" of earth-
quakes, has not reduced the importance of the magnitude concept as developed orig-
inally by Richter (1935). A large number of magnitude scales have been developed
since then (e.g. Bath, 1981), and most of them are similar to Richter's scale in the
sense that they are based on the logarithm of some amplitude measurement. Most
of them are also not related in any well-defined way to the energy release. What is
important then is consistency, in time as well as in space. For magnitudes such as Mb
and Ms, the spatial consistency is taken care of through the use of globally adopted
formulas, based on the fact that the attenuation of teleseismic P-waves and 20 sec
period S-waves are only moderately affected by local gcological conditions. Local
conditions show up in these cases only through the possible use of station corrections.

For the local magnitude ML, based on maximum L. amplitudes at local and re-
gional distances, a similar use of common distance (attenuation) correction terms
would distort rather than secure this consistency. The reason is that the wave attenu-
ation in this case is more dependent upon local geological conditions, especially those
relating to different tectonic regimes (in particular transitions between plate margin
and intraplate areas). In order for ML magnitudes to be consistent, the seismic wave
attenuation within each region must be determined, and the magnitude relations for
the different regions tied together at a near-source reference distance. In addition, lo-
cal site conditions leading to amplification or deamplification of the measured ground
motions are commonly accounted for in terms of station corrections.

For regional distances, the ML scale is most important simply because it provides
the best consistency, stability and measurability. The importance of regional seis-
mology has moreover increased steadily in recent years, as related to societal needs
connected to nuclear explosion monitoring, emergency and disaster prevention, build-
ing codes, engineering design criteria, insurance, and safety aspects in general.

In Norway, ML magnitudes were not routinely reported until Bath et al. (1976)
developed a new local magnitude scale (hereafter for simplicity called Bith's ML scale)
based on Swedish data. The scale was based on Richter's definition with a reference
distance of 100 km, and with the analog data used in the development it was found
necessary to introduce frequency dependent correction factors. When applying Bath's
ML formula to digitally recorded data it soon became evident that these correction
factors were inadequate, but we nevertheless continued to use this scale in Norway
in order to maintain consistency until more appropriate and reliable correction terms
could be developed.

The purpose of the present paper is to develop such correction terms, and thereby
contribute to the establishing of a new ML scale for Norway. Since the NORSAR
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array was installed in Norway around 1970, the amount of reliable digital earthquake
recordings has increased steadily, not only due to the time factor itself but also because
the numtber of seismic stations is increasing. This development is best illustrated by
the fact, that data from 21 seismic stations located in Norway have been used in the
present study.

METhiOD OF ANALYSIS

In following Richter (1935; 1958), the local magnitude ML is defined as

ML = logA - logAo + S (1)

where A is measured amplitude (zero-to-peak) in mm on a horizontal component
Wood-Anderson scismomcter recording, S is a station correction term, and -logAo is
a distance correction term given as

- logAo = a log(R/O0) + b(R - 100) + 3.0 (2)

where a and b are coefficients for geometrical spreading and anelastic attenuation,

respectively, and R is hypocentral distance.
With no station correction, equations (1) and (2) imply that an earthquake which is

observed with an amplitude A of 1 mm at a distance of 100 km in Southern California is
given a magnitude ML of 3.0. In developing the first set of A0 values, from a small data
base of Wood-Anderson seismometer recordings from southern California, Richter
(1935) did not separate the two attenuation terms as in equation (2). Recently, from
very large data bases, Bakun and Joyner (1984) and Hutton and Boore (1987) have

developed new attenuation terms for central and southern California, respectively, in
surprisingly good agreement with Richter's values. The only exception here is for
near-source distances, where Richter's coverage was poorer, especially in terms of
focal depths. Because of this, we will replace Richter's attenuation values with those
of Hutton and Boore (1987).

In a more general form, equation (2) reads

- logAo = a. log(R/I ,,) + b. (R - Igef) + K(&!f) (3)

where Rel is a reference distance that could be different from 100 kin, and K(Ref)

is a constant to be defined below.
To establish the new magnitude scale, we combine equations (1) and (3) to give

Ne N,

logAi, = -a Iog(Rit/R,e) - b(R j - Rq) - E Mk,, + ESit, - K(R,.,i) (4)
k--I 1=1

where Aij is the amplitude of earthquake i at station j, Rij is hypocentral distance
for earthquake i at station j, bij is the Kronecker delta (1 if i equals j, otherwise 0),

N. is number of stations, and Ne is number of events.
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The parameters to be determined regressively are a, b, AMk and S1, representing

the geometrical spreading, anelastic attenuation, magnitude, and station correction
respectively. Equation (4) can be rewritten in matrix form as:

1 0 0 ... 0 1 0 0 ... 0 rll 1U11 All " y
1 0 0 ... 0 0 1 0 ... 0 r12 U12 iY12

AIN,
1 0 0 ... 0 0 0 0 ... 1 rIN. UIN. S YIN, (5)
0 1 0 ... 0 1 0 0 ... 0 r2 l U21  Y21
0 1 0 ... 0 0 1 0 ... 0 r22  U22  SN, Y22

-a
0 0 0 ... 1 0 0 0 ... 1 rN N, NeN, -b YNN,,

or Ax = y which is a system of at least N, + N, + 2 linearly independent equations.
In equation (5) ri, = log(Ri/R,/f), ui = (Ri, - R,,f), and yii = logAij + K(R.).

The vector of unknowns (x) can be found by inversion of A, under the constraint
that the station corrections sum to zero (Z]: 1 Sk = 0). The regression coefficients
a (geometrical spreading) and b (anelastic attenuation) determine the form of the
-logAo curve in accordance with equation (3). The connection to Richter's ML def-
inition is achieved as explained above by anchoring our -lucqAo values to those of
Hutton and Boore (1987), resulting in the following relation

K(Rrej) = 1.110 log(Rrl/l00) + 0.00189(R,,f - 100) + 3.0 (6)

which is seen to give a value of 2.0 for 17 km (as suggested by Hutton and Boore) and
3.0 for a distance of 100 km (as used by Bith). At the reference (anchoring) distance,
the same amplitude will correspond to the same magnitude in Norway and California.
We return below to the question of selecting an appropriate value for K(R.,) for this
study.

DATA

The earthquake recordings used in this study are listed in Appendix 1, comprising
altogether 741 records from 21 stations and 195 earthquakes occurring in and around
Norway between 1971 and 1989. The epicentral distances covered are in the range 20
to 1600 km. Stations and epicenters are shown in Figure 1, resulting in a ray path
pattern covering the entire Norway and adjacent areas. The stations are also listed
separately in Table 1, together with the number of records from each station and the
station corrections resulting from the inversion of one particular subset of the data.

Originally, a much larger data base was considered, based on available earthquake
catalogues since 1971 (Bunguin et al., 1990). In doing this, we identified essentially all
events with a reasonable possibility for providing records above the noise level for at
least one digitally recording seismic station, which resulted in a range of magnitudes
between. I and 5. That informatinc war, then ,,,in<d with information aJ the
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hine periods of recor iin;g for tle different stations in Norway (Ilavskov ct al., 1990),
which reduced the n itber of possilly usefl records.

For each event selected, expected arrival times for the different regional phases
were calculated fronm standard travel tine tables. A desired data interval was tien

comlted, covering a tinie window from 30 sec before the first P-arrival (to provide
noise estimates) to 30 sec after the time corresponding to a group-velocity of 1.8 km/s
(to provide data for Q-studies). The selected data intervals were then extracted from
offline storage media and loaded into a computer data base in a common, compact and
easily readable format. )uring this process all available digital data were included,
without any firther check on quality and usefulness. This provided more than 1000
records from more than 200 earthquakes.

The subsequent iiterac ive analysis, to be described in iore detail below, included
also a quality screeiing Ihrough which clipped and noisy recordings were identified
and excluded. Hlecordings containing interfering events were also excluded at this
stage. This resulted in tle 741 records mentiond above, ready for the subsequent

L analysis. All of these records are from vertical components, and only a limited
number of these are from stations that also provide horizontal component records.

The distribution of the selected data in magnitude-distance space is shown in Fig-
uire 2. One unavoidable characteristic of such distributions is that small earthquakes
are more often recorded at shorter distances, while larger earthquakes generally have
more distant recordings. This trend is amplified if the dynamic range of the sensors is
small, leading to clipping of strong ground motions and poor signal-to-noise ratios for
weak motions. It is ,te-ireable to work with data sets with a lowest possible correlation
between magnitude and distance (,Joyner and Boore, 1981; Dable et al, 1990). The
data shown in Figure 2 have a correlation coefficient between magnitude and distance
of 0.46.

DATA ANAIYSIS

In following the metliodological approach outlined above, we analyzed the selected
data as follows: (1) convert each (vertical) record into P synthesized Wood-Anderso,
(SWA) seismogram., and read the maximum zero-to-peak amplitudes of the S-wave
train (normally L.), (2) evaluate from independent data the ratio between horizontal
and vertical motion for the purpose of compensating for this effect (real WA seismo-
grams are all horizontal), (3) select a reference distance for connecting to Richter's
ML definition, (4) read the maximum S-wave (Lg) amplitudes from the original un-
corrected seismograms, and then convert to ground motion, and (5) perform a linear
regression analysis as outlined above. Even though points (2) and (3) do not influence
the determination of the attenuation terms, they are still necessary for establishing
the resulting MI, formula. Point (4) is needed for facilitating the use of amplitudes
from uncorrected seismograms, and in particular analog records.

In the following we will cover each of these points in more detail.

Synthcsizcd Wood-Andcrson seismograms



Tht, rilairi problemr i lit~ iiiva m, t SWA. ic(i(tk~ Is 1 lc Ii )),tit \V\ ui.iri-.v

F -ographls are niore b~roadl harnl thlal the riiostlv 'yslort-periotl Siiiioiiilet.. (v 1Yit
tranisdutcers) uslSliI re((lrliit ouri da~ta. Sireec the (livii'111lit liiof thle juISt rlirrrert

response andl the conrvolut ion wit I the WA rE>oreis per forliw i
1 III thli frcmPIrerrV

domain, a proper pre Iltecrig reflecting thle frequlency limi1t at ior 5 of the recordil

systems becomes very im portant ili order to avoid Instabilities. For thle regional lit!-
croearthquake networks i solithern, west ern and northern Norway (recording at .50
iz) we [lave used a passhand of 0.8 - 20 liz, for thle regional a rra vs NOR ESS arid
A RCESS (recording at 40 lIz) 0.8 - 15 Ilz for NORSA HRecrl at. 20 lIz hut withI
an anti-alising filter at 5 11z) 0.2 - 5 liz. andI for the NORF[8ineretit-pru
(broad band) data (recording at 10 Ilz) we have used a filter at 0.02 - 2 lIzI. Tal le I
shows the number of recordls used from each of these svsterris.

Ini adIdition to synithiesizi ng WA seisrnograrris. whiich was dlone I nteract ively hi Or-
der to secure the liigliest possible quality, at tonsidlerable effort was also invested lit
acquiring the right systeiri resp)onse funcl(tionTs (in conIIeX forimi). Becauise of fre-
quent changes for somne of the stations, thIiis Involved keeping several huindlred different
response functions onl file. Of similar Importance of course is tlhe \\ood-A nder-soii
response, where the frequency response is s imple andl well k nowni (naturiial p41 0 ]()d 0.

sc, damnpi ng ratio 0.8). It lias bot kni owni for soime h it owever, t Iiat thlei si at C

agification of the \VA seisniograpJlis probably is lowe-(r t han the1 theoretical val w of
2800 (Blakun and Linih, 1977; Lilco, 1982; lI t oii arid I 1~ ire 1987; lBoore, I 989))
Convincing evidence lin thIis respect has now I een forwarde ci ' li- ('rI anmer anid (oillirs
(1990), showing that. the inagn ific-at ion of thle WVood- Ain iirsoln seismographs is 20'-0
rather than 2800 and( that tlie propetr darmpinig ratio is 0.7 rat her thIan 0.8. WVe hlave.
in accordance wi th this finrd inrg, uised a tragn ificalt on of 20,S0 aid( da mpinrg rat io of 01.7
when creating our SWA records, yi idiig inagnit ides 0.131 lirlit s below those obt aieil
with the earlier valnie.

Thel( readhing of thle mraxiriiir aiilit uiie, (zero- t -peak) of Ile seimogranis is

bo0th sillple and relialet when) lonie rut er-act1\,velY ruramirrl; ) liti t li way it was dlijie
ill this stuldy. NatiurallY. b)(At I lit' t irie amid p.1niud oif tre 1u1ixiri miii1 wave of the SWA-
seusnio1granis , in sonic cases, (,an he pilt e different fromn what would apphearr on Ilii'
tn correct ed record s.

Ilorizonlal v's. I, H ical iii'Mfin ii

Thel( recording capability for thle mnajority of stations (ont ribriting to this study is
limited to vertical corupotieit li rvirJdirrg. Realizing that tlie original [RIch/u'? (1935;
1.9.58) definition of Al, Is fur huorizorin I coriupurerrts oif nitin, (lie strategy for t his
study was to obtaini tht lt iorizor ia I to vert cal comnri~ent relat ionsh ip Ii a sj irat e
analysis for stations where both orniloner,it ar availale. The vertical amnpitides

should then be corrected acco rig to thiiis relatioishi p by assiuminrg (preferably) at (i-

stant correction factor, tlirs provid itig regress-ion resi Its for the hrorizorital cornlonent
as requiredl.

Tlo this endl, we compijared iuiiplitilles of vert ial anrd huorizorital Conmpoients for
ttne available thrcc-coporierit seisilogramrs. A total ninuwir of 1263 tlrree-coripurierin

recordlings fromt 100 events for thre stat ions N AO. NH AO.A At) arnd L() were avail-
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;ille fitr thiis, ltI 01 1 1 hic IlJiirit r tl we col ilit cd t lhe fr-act ion

where /,anid A,,, aro aruiplit iites fr-omi the two horizontal components and A, froin

lhe vertical comflJ)( titt. A ptlot of lie data poli is Is showni iii Figure 3, demonstrating

in fact that the diftrlelice ill size bet ween horizontal anid vertical components in this

ca,1Se is Inrsign ificant?. Thie z rivan value (4 the ratio is 1 .008 all(] thle correlation coefficient

is 0.99!. Ill accorldalie withI this. thle vert cal amlplitudites ar~e used in our study as If

Shre\' welt' hiorizouit a

W ha\,e allreadyj lirfit ticed thle concept of the refcreii cc distance *in equations
(3) and (4), and Ininc Iate d that a vahie of 1100 ko- w\ould1 be iniappropriate because

of fihe sign ificali t region a I di (fererces in atten ua tion betweeni Norway anid ,Souther,)

California at that dis tanee. Thle solution to this 1)rohblein is of course to choose a

(list ance that is sumal cnelomigi to ensure that earthquakes with similar energy release

I create the samne size ,frouind motions (as measured onl a WVA seismogratph) in the

two reg(ions. T[hat inay sound s imple, but1 it is not.

Thie first conditilon that must be fulfilled in this respect is t hat near-source ground

ii ut ions are coiipairalble for wave piropa tlion through the late Cenozoic rock form-a-

tris in California and lie P~recambilrian and Paleozoic rocks in Norway. Campbell

" NS9) has recent ly published evidence in support of this, finding that. for earthquakes

in) the same magniitudel r-ange as ours, the near-source acceler-at ions in eastern North

Anmerica are consistent with predhict ions based on Californian olbServationS, Once site

effects and differences iii magnitude scales are accounted for.

A second condit ion is that Richiter's A0 values are sufficiently reliable at hypocen-

ral distances of less thtan 100 kmn. That is probably not, the case, but we can solve
tisl, problemn (as already mentioned) by using the more reliable values of Hutton and

lHoore (1987). Using heir A10 values, which are identical to Richter's at a distance of

100 km., a magn ithide 3~.0 (arthiquake should hbe recordled with an amplitude of 10 nm

at a reference dist anice (Hl4q) of 17 kin. Hutiiton and Boore recommended this value

b e used in a situa tion likew ours, secumring a sufficient near-source anchoring.

A third condition, however, is that our local attenuation function can be evaluated

withI sufficient precision dlown t~o the suggestedl reference distance. If this is not the

case, a larger R,, should be chosen. Our average dlepth of 16 km of course imme-

(liately precludes using any reference (distance less than about 30 km. Essential here

is our distribution of luvpocentr-al dlistanlces (see Figure 2), showing only 3 records

within 20 - 40 kinl, 6 within 4t0 - G0, 10 within 60 - 80, anid 10 within 80-100 kmi.

We have consequently selected a I4,. value of 60 kmi, balancing the requirement of a

near-source reference di- tance w ithi data quality considerations.

U sinrg thiis refe-rnce (lista nce of 60 kinl, the resitinmg AO cur'ves (as taken fr-om the

regression analysis disc~ussed below) for focal depths of 0 anid 20 kinl are shown Ill

lFigirle 4 (Solid tiues), along with those of lHntton and~ Boorec (1 9S7) for compar-ison

dashed linies). It, Is seenl Ifhereo that, the tlilfer-ence bltweei tlie -Ioq A0 cur'ves ijever



(ex('(''(l 0. 15man hit i d~t~e tit, for anly distanc IW%-tI I I t 1001 kinl (note t Iat It I (( 1)l~ 1 e

vs. Opcvta (hI statice). [For la rger dlIst'atieets I lie d Ilh',reiice InI aticlaist it at 1ettit al bi( I
b Val .,S) results" of courIse ini di1vergen ce (If the c ili ves, at id ;I d I 1hc-i tie oit t Ie ordet of

oi I lag IIt.Ile uIIItitt. a (Is talice of 870 kill. I rot q ((itat IIon (G ) we see that I f ?,,
ob~tainedl for l?rcj = 6jO kitl Is 2.68.

Gliven these simiilarities :i the near field, i lie inaiti utti('ertatityv with respect to~

the anchiorinig Is tli(refore tiot, CiCe to) tie (leterintatiOti of leK1 hut rather to the
underlying assuiiptioni of near-source ground totioti eqivalenice.

Iicssion (OZalys"

UJsinig the enlt ire data base of 711 seisniogratts fromt 195 earthquakes, ;I linear

regre-ssion analysis wits5 perfortiel as. ouittired above. I however. sinice 'ath lakes withI
less than two recordlings dIo not. cotrilmutle Ii te I.II-stI mat I in of a aildb i in equat I i (1),
we Chose to luse otnly ('Vents with ait inniuti of 3 recordhings to also hielp with azittoitlial
averaginrg. 'I'll( effectivye size of the lata b~ase thllt' reducties to (621 5(1511ogratins fromu
120 earthquakes.

ELveii though epicenter e'stimtate's are available for ouir evets wit'l a sufficient pre-

cision (generally within 1 5-15 knill), focal deptitis are not, available for tOe majority
of them. We know, however, the focall lelpthi (listtihitilont fairlY well [i the regionl

Bi n igui in c/ al., 1 99t)), antd oil tfis basis We chose to ulse a vailte of 16( kinl for all of
the events when eshi inati t g ty pocentral distances for the regression. Thiis factor is of

coulrse of I mportanlce only for the closest epi ceiitral d(i stancoes, atnd separate tests have
shown that the effct, Is marginial withni the ranige of realistic focal deptHs.

Thel( resi Its of th1~is inuversioni for dIiffer-en t. sulbsets are (discui sseod below aid val ui(' for

(I Midl b are given iii Tabtle 2. While a-valites like these are cotmnttly found, suchl low
b- values are possible only in~ truly ittraplate, highi-Q area-s (hKvainie altl llavskov,
1989; lDahile 0/ al., 1990). The soiuthiern i ~lifornia valuev of Hunt ton and I loore ( 1987),
itt comtparisoni, Is 0.00189). anid the central C aliforniia value of hiakimn and Joyiner (1981)
is 0.00301.

Indoividulut statiloti correctfils conistrainedo to hiave Zero) average are e'stimiated( (ditr-
ig tle All, regression, aiil gi vet i wit'li stand~ardl oeviationis, ill 'Table I . Thec station1

corrections are all iIIthe.1 ranige -0.21 to + 0.22 ittagiid uitilo iiits, and~ wvith a standard
deviation which Varies from 0.05 to 0.10. The variat ion ili thle statndard deviat onl

is p~robabUly attributl~a e to the ffeec Inl the1( iiiiiiih)( of eveits recorded at I lie
dhifferenit stationls.

Ar iph/ udes f,'on. ohscn'cd (u ii'. ,rncle d) scisin oqni Ins

Then (ompul tat, oil of sylithesi/A'( WooI- A itersoti antmp1itl.iids is niot, feaLsible ili all
rotitine ruagniivud assessrtents, ill vp ricnzla r when arialog records are considered. We

have therefore also riteasnred thne 17axiinItiI (1,9) ampllitutdes (arid periods) oil the oh)-

servedl (raw) scisiitogramis, and corrected thiese arrihtides for sYstern resp1onise. Noto
that this is differernt, froiti iteasitriug ampjliltidehs fromnt rspolise co rrected (grounid ito-
tlion) s(isinogrants, which should be expected t~o give valules ( ignioring gaill (hiffeieii-cs)
closer to the WA seisinlograinis.

'Ihel "observed" ampithi tudes are shown ii Figmni 5 toget her wit h the SWA aiujd-
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til(es. A\ miaximumiii I1ilh)td regirssioni analYsis (assiiing the sailie size ('ri-ors ill

tle two axes) gikvs I 1ic ttllowliig jelat 'oill

loi ,, 0.925 Ilq.4,,t,,- 2.32 (8)

where ''aIs the SWA a mpliild an ut1.',,, is tihe resjpoiisv corrected grounil uotionl

amupli tuide 11) nanojy leers.

T1his regression is quiite I'elial t and~ tll('r('fore very useful for adlajtiiig our- Ml, rela-
tionis to sittia tions whleni SWA scisiograis canniot. ('asi ly be obtained1. The systematic
differelice lbet ween the two ailituildes Is (lIle( to the fact that tie SWA am[plitud~es
are often picked for waie- w't'5Wii longer perlodx thllrelby yiIintg larger groid inotioui
ailiplit udes.

It should be not ed here, however, tIMa oiie, fact or coitrihut ing to the smiall scatter
In Figure 5 is the fact. that. iiost, of thie dat a are taken from recording systeiis that
have reasonab~ly sinillar (short period) resp onlse ch aracteri sti cs. Eq natilon (10) below
is thlerefore not ijecessa rillv applicalbhle to( ot her syst ellis.

REGIONAL. \AIIIA'IIONS

As call be seen oil Figuire I , some ray Ipatdis ext~end~ infto) offshore regions, enteri ng
geologic features such as tie Vik ing ra ben in tHie Norti I Sea, and crossing the coniti -
neiltal Mnargini along H ie entI.irie western an ii(Iiort~hiernl coastI i ie of Nor-way (H an sen r/
a, 1989; Biingu in al. , 1990). The propaga tion of L. waves across such strong variat-
tions in the cruistal waveguide usually reslilts inI a strong (leterioration of the L_ [phase
IlKennett ct al. 1985; Regan and I Iarkrider, 1989); lBostock and Keninett, 1990). The

continental margin areas, and thei graheli s rilt~u nirs of the North Sea represent such
varying conditions for L. propagation, resniltiiig in someI inIstan1ces ii a b)lockage of the
LI waves strong enouigh t~o make the S, phiase the stron~gest one in the seismogramn.

For this reason, anld also because we watted to see if signiificant variations could1 be
found withini the more sticnt 1 v continiental areas, we inverted1 our data for a number
of subsets as shown inI '[able 2. llesnnlt are( presented there for (1) all lata, (2)
continental paths only, (3) distances less thaii 1000 ki, (4) epicenters north of 630 N
using all stations, (5) epicenters south of 63"~ N using all stations, ()eietr ot

of 630 N using only thle northerii stations, (7) e[picenters south of 63' N using only the
southern stations, and] (8) readings wit Ii group velocities equal to or below 3.8 km/s.
The number of (effectively conh lluting) ob~servations III each of these cases are listed
iii the right handI coluiiin of Table 2.

For all subsets, thbe data, were iliverted with all parameters free, andl for an a-value
fixed to 1.0. The reason for this is thiat, there is often a trade-off between the a- andl
the b-values estimated III tHie regression. In keeping thie a-values fixed it is then easier
to judI~ge the significance of the (hifferelices inI the b-values as a. function of regional
variation ill anel ast.ic at teni iat ion. Somne mlore specific ('ol~ilts Onl thle results if]

Table 2 are p~resenlte ('I i t li following.



The subset tlhat. Should be expected to provide lhe best, selctilon of more jti r(ly
continental L, paths is sibset 2 in Table 2. The results indica.te only a sin all differ-
ence as compared to the regression over the entire data. base. This differelice in fact

illustrates the trade off I etween the a-value (spreading) anid hlie h-va ue (anela-stic
attenuation). Ile resulting values are only marginally outside the estimated error
limits. The value estimated for a is actually closer in this case to the theoretical
value of 0.83 expected for an Airy (L,) phase. However, the resulting differences in
the -logAo term amount to less than 0.1 magnitude units at any distance. Similar
results are obtained for subset 3, with epicenter distances less than 1000 kin, which
serves to exclude some of the distant events located in oceanic crust. For a fixed
a-value, Table 2 shows a slight increase in b from subset 2, probably because some of
the ray paths are sampling more offshore areas.

Subsets 4-7 were created to look for possible regional differences with respect to
the northern anld the southern areas (see Figure 1). When considering the increasing
uncertainties (due to decreasing data sets), there is no basis for suggesting different
a and b values for different regions.

The final test (subset 8) include data sorted on apparent group velocity for the
maximum amplitude arrivals of the recordings. This kind of sorting should make it
possible to exclude some of the situations in which S, (or 5,) dominates the seismno-
gram instead of Lg, which normally has a group-velocity of around 3.5 km/s. For
subset 8 we have therefore selected records with group-velocities of 13 < 3.8 km/s. As
can be seen from Table 2, this selection does not yield results significantly different
from subsets I and 2, showing that S, contamination is not seriously affecting our

results.

RESULTING MAGNITUI)E RELATION

Having now determined the -IogAo-valhes (in terms of (a and b), the reference
(anchoring) distance ]?,,f (60 kin), and the horizontal to vertical ratio (1.0), a simple
magnitude relation is obtained as:

Ai, = 1o(qA,, + 0.91 Ioq(IR) + 0.00087 (R) + 1.010 + S (9)

where R? = v ±Y + 2 is hypocentral distance, A is epicentral distance, It is source
depth, and station corrections S can be found in Table 1. The a aln(I b values are
taken here from Table 2, subset 2, which provides more purely continental Lg travel
paths. Equation (9) therefore does not apply correctly (neither would subset 1) to
offshore travel paths subjected to L9 blockage, a problem which we will return to in
the Discussion.

In Figure 6 we have plotted the derived Lg attenuation for Norway together with
the Hutton and Boore (1987) relation for southern California, and up to a larger
distance than shown in Figure 4. The data points plotted are our SWA readings
corrected for the All, and S terms in equation (4) using equation (9), and show ilie
distribution of all observations about the -logAo curve according to equation (3). The
curve and the points clearly show the difference in attenuation in sonthern Californian
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as opposed to that of Lq phases in Norway, a difference which amounts to one full
magnitude unit at a distance of 870 km and 1.7 units at 1500 ki.

The regression of logarithmic SWA amplitudes provides, in addition to attenuation

and station corrections, new estimates of the magnitudes for all of the events in the

data set. The largest of these, with Aif[ above 3.5, are listed separately in Table 4

together with their epicentral locations.

The residuals in the regression of the SWA amplitudes are essentially magnitude

residuals, as may be deduced from equation (1). The residual distributions versus

epicentral distance and regressed magnitude, respectively, are shown in Figures 7a

and 7b. The dotted lines indicate standard deviations of about 0.17, and the plots

show no particular trend with respect to distance or magnitude.
When replacing the SWA amplitudes (A,) with gain-corrected amplitudes from

observed (raw) seismograms (Abs) in nanometers by combining equations (8) and (9),

the following relation is obtained:

l, = 0.925 logAob, + 0.91 log(R) + 0.00087 (R) - 1.310 + S (10)

DIscUSSION

One of the limitations in the present work is that to a large extent we use short
period data (with cutoffs as high as 0.8 I1z) for synthesizing the Wood-Anderson

seismograms. This could, in particular at shorter distances and for larger events, lead

to some underestimation of the SWA amplitudes and thereby to a negative bias in
the resulting magnitudes. However, since the largest earthquake in our data base is

only MIL 5.0, we expect this effect to be modest.

The stability of our analyses with the different subsets tested above reflects quite
positively on our results with respect to their usefulness and applicability. An essential

factor behind the stability is of course the good distribution of both stations and

epicenters, yielding a good coverage in magnitude and distance (taking into account

that this is a low-to-intermediate seismicity region). In addition, our data ensures a

good azimuthal coverage, which is quite important with respect to averaging of path

(tectonic) as well as source (radiation pattern) effects.

We interpret, however, this stability first of all as a reflection of the fact that

our analysis essentially is resolving attenuation characteristics between the seismic

stations, and not between the epicenter and first station. For offshore epicenters and

onshore stations we often sample only the continental parts of the path, except in

the cases when several stations along the coast record an event at different epicentral
distances. This effect creates a "continental bias" which can explain some of the

observed stability, and the result is an underestimation of magnitudes for some of the

offshore events. The problem of L. blockage due to the crustal waveguide variations

imposed by grabens and continental margins are consequently not resolved in the

present study.
A proper assessment of local magnitudes (based on maximum amplitude within

the S-wave train) for wavep)aths crossing tectonic features that, may cause L, blockage
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therefore requires an approach within which the transfer function for waves passing

through such areas is established. Such an approach requires an independent as-

sessment of the size of these earthquakes either through the use of teleseismic arrivals
(usually not available for these events) or 1I/P arrivals, or by obtaining S-wave train
observations (including both S,, and Lg) from both sides of the Lg blocking area. Data

of such kind would make it possible to establish correction terms for source areas with

Lg blockage problems, included as adjustments to our existing magnitude formula.

In the mean time, and in spite of the fact that L. blockage has been firmly estab-

lished as causing a reduction in the amplitude across a relatively short transition zone,

the local magnitude formula to be adopted for observatory practice in Norway would

have to be one based on travel paths propagating essentially within the continental
crust. Hopefully, corrections for some of the offshore paths will be available later.

Up to now, we have used as mentioned earlier Bath's relation for AIL magnitudes

in Norway. When using this relation on our raw data amplitudes we find that they

are in fairly good agreement with our new SWA-based ML values, as shown in Fig-

ure 8. It should be noted, however, that we have computed the Bath ML values

using a fixed period in order to avoid the instabilities (mentioned above) caused by
the frequency sensitivity of Bath's relation. Therefore, when comparing with earlier

reported magnitudes based on that relation, the scatter becomes much larger.

From Figure 8 we see that the Bath magnitudes are generally about 0.4 units

higher than the new ones, an offset which can be explained by the combined effect of
using a smaller anchoring distance than Bath (60 instead of 100 km) and a different

value for the WA gain (2080 instead of 2800). When considering the fact that Bath

et al. (1976) developed their relation exclusively from analog data, and when not

considering the problems tied to the frequency dependence of the correction tables,

we can therefore conclude now that their relation is impressively accurate.

The present study has to some extent been inspired by the need within the
petroleum industry for reliable earthquake hazard estimates offshore Norway (Bungum

and Selnes, 1988). Such estimates are largely based on Ms magnitudes obtained from

historical data through a major reassessment of felt areas from earthquakes, and cali-

brated against Ms measurements from instrumental data (Muir Wood and Woo 1987).

Within this context, and for other reasons as well, a reliable relation between this Ms

scale and our new ML values is therefore of much importance. For earthquakes down

to magnitude 3.5, Figure 9 presents this magnitude comparison, with the data listed

separately in Table 4. A maximum likelihood regression analysis of ML versus Ms

(assuming the same sized errors in both axes) resulted in the equation

As = 0.83 • ML + 1.09 (11)

This result is in good agreement with the relation Ms = 0.85. ML + 0.60 obtained

earlier by Bungum (19S7), using ML magnitudes determined by the Bath formula.

The difference of 0.5 in the constant coefficient is consistent, with the mean difference
between the new ML scale and the Bth ML scale discussed above.

CONCLUSIONS
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Almost, 20 years of (ligitat tata, comprising 7,11 recorlds froin 195 earthquakes in
the magnitude range 1-5. have been used in developing a new Al1 , scale for Nor-
way. The data base includes records from 21 stations, and cover distances from 20
to about 1500 ki. We have converted all records (covering the maximum of the
Lg wave train) to synthesized Wood-Anderson seismograms, and inverted for L9 wave
attenuation (distance corrections), individual earthquake magnitudes, and station cor-
rections. The attenuation has been developed in terms of Richter's -logAo values,
expressed through a geometrical spreading term a and an anelastic attenuation term
b. We conclude that

(1) When using the entire data base, including also some wave paths affected by
L9 blockage problems connected to offshore graben structures and the continental
margin, we find an a-value of 1.02 and a b-value of 0.00080. A subset of more purely
continental wave paths give values of 0.91 and 0.00087. Differences in magnitude
computed from any of these two a and b value sets, are less than 0.1 magnitude units
at any distance.

(2) Geometrical spreading terms (a-values) around 1.0 are commonly found in
many different tectonic environments, while anelastic terms (b-values) as low as 0.0008
are specific for high-Q intraplate environments such as Norway. In comparison, b-
values in California are typically 2-4 times larger, indicating the same (inverse) ratio
with respect to average effective Q.

(3) Due to spatial sampling problems we have not in the present study been able
to resolve satisfactorily the problems tied to L. blockage for partially offshore wave

paths. Some of the earthquakes occurring sufficiently far from the Norwegian coastline
will therefore (still) be underestimated in magnitude when using our new ML formula.
Additional correction terms for these events will have to be developed later.

(4) When anchoring a new MI, scale to Richter's definition it is necessary to define
a reference distance at which the same sized earthquake is assumed to produce the
same ground motion, and with large differences in regional Lg wave attenuation a
near-source reference (istance is required. Because of limitations in our data at short
distances we have in the present study set this reference distance to 60 km.

(5) Given this reference distance, the difference between the correction factors
of Hutton and Boore (1987) for southern California and ours for Norway never ex-
ceeds 0.1 magnitude units for any distance within 100 km. At 870 km, however, the
difference amounts to one full magnitude unit, and at 1500 km to 1.7 units.

(6) It has been known for a long time that the magnification of the Wood-Anderson
seismograph probably is less than the theoretical value of 2800. Urhammer and Collins
(1990) have now convincingly established that the value is 2080, and we have adopted
the same value in the present study. This factor leads to a reduction of all magnitudes
by 0.13 units.

(7) All station corrections are found to be within ±0.22, and 0.10 or less for 11
of the 21 stations used. Regression comparisons with ML, values computed from the
earlier used AIL scale and with Ms values available for a subset of our data have
provided the necessary ties to the past.
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TABLE CAPTIONS

Table 1. Stat ions used in the All, analysis, with code, location, number of earthquake
recordings, and individual station corrections with standard deviations. Station 1
and 2 are subelements of the teleseismic NORSAR array (1970-present), 3 and 4 are
the NORESS (1984-present) and the ARCESS (1988-present) regional arrays, 5-10
are from the Southern Norway Seismic Network SNSN (1979-1983), 11-15 are from
the Western Norway Seismic Network WNSN (1985-present), and 16-21 are from the
Northern Norway Seismic Network SEISNOR (1987-present) (Ilavskov et al., 1990).

Table 2. Values for coeficients a and b obtained for different data sets. The last
column gives the number of records (effectively contributing) in the data set. The
fixed a-value was set to 1.00 for all subsets analyzed.

Table 3. Origin time, latitu(!(r, long tude, Al, inagnitu(les and number of records used
in the estimation, for events with new ML values greater than 3.5.

Table 4. Events used in the Mls versus ML comparison (Figure 9).
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FIGURE CAPTIONS

Figure 1. Seismic stations (left), and epicenters of events and raypaths between events
and stations (right) used in the ML analysis.

Figure 2. Magnitude - distance distribution of events used in the ML analysis.

Figure 3. Plot of the ratio of the horizontal to vertical amplitude using data from 3
component stations NAO, NRAO, ARAO and LOF.

Figure 4. Regional L. wave attenuation values (-logAo) vs. epicentral distance as de-
veloped in this study for focal depths of 0 and 20 km (fully drawn lines) as compared
to corresponding southern California values from Hutton and Boore (1987) (dashed
lines). The inserted figure shows a blowup for the nearest 120 km.

Figure 5. Synthesized Wood-Anderson amplitudes vs. amplitudes measured on raw
(observed) seismograms corrected for system response. The fully drawn line reflects
a maximum-likelihood regression assuming similar errors along the two axes. Dotted
lines are the two least squares regressions.

Figure 6. Regional L. wave attenuation (-logAo) curves obtained in this study (solid
line) as compared to the southern California values of Hutton and Boore (1987) (dot-
ted line). The data points reflect the scatter in the synthesized Wood-Anderson
amplitudes.

Figure 7. Residual magnitude distributions versus epicentral distance (left) and re-
gressed magnitude (right). Dotted lines are plus and minus one standard deviation.

Figure 8. New ML values vs. ML obtained using the B'tth et al. (1976) relation.

Figure 9. New ML values vs. Ms for a subset of events. The solid line reflects a
maximum-likelihood regression assuming similar errors along the two axes and the
dotted lines are the two least squares regressions. See main text for details.
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No Station Code Lat Lon No Correction

1 NORSAR NAO 60.84 10.89 59 -0.15 ± 0.057

2 NORSAR NC3 61.26 11.41 45 -0.21 ± 0.070

3 ARCESS ARAO 69.54 25.51 46 0.11 ± 0.055

4 NORESS NRAO 60.74 11.54 72 0.03 ± 0.045

5 Norefjell NFJ 60.38 9.56 28 -0.18 ± 0.079

6 Seljord SJD 59.56 8.61 27 -0.13 ± 0.079

7 Drangedal I)RA 59.10 9.10 23 -0.12 ± 0.083

8 Serurn SRU 60.06 11.26 17 -0.07 ± 0.097

9 Sarpsborg SPG 59.35 11.34 26 -0.01 ± 0.078

10 Evje EVJ 58.58 7.96 14 -0.16 ± 0.096

11 13 1sj0 BLS 59.39 6.83 24 0.15 ± 0.063

12 Odda ODD 59.91 6.63 34 0.00 ± 0.054

13 Iflyanger IIYA 61.17 6.19 34 0.10 ± 0.053

14 Sulen SUE 61.06 4.76 34 0.16 ± 0.053

15 Karmoy KMY 59.21 5.25 29 0.22 ± 0.057

16 Narnsos NSS 64.53 11.97 37 0.00 ± 0.053

17 Mo i Rana MOR 66.24 14.77 24 -0.02 ± 0.061

18 Tromso TRO 69.63 18.93 48 0.08 ± 0.053

19 Molde MOL 62.57 7.55 31 0.07 ± 0.056

20 Lofoten LOF 68.13 13.52 41 0.10 ± 0.057

21 Kautokeino KTK 69.01 23.24 48 0.02 ± 0.055

Table 1
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No Data set a-value b-value h-value when a= 1.0 No.
I All data 1.02 ± 0.093 0.00080 ± 0.000092 0.00082 ± 0.000048 624
2 Continental paths 0.91 ± 0.107 0.00087 ± 0.000114 0.00079 ± 0.000059 4,12
3 Maximum 1000 kin 0.89 ± 0.109 0.00101 ± 0.000136 0.00089 ± 0.000065 576
4 N 630 all stat. 0.84 ± 0.160 0.00102 ± 0.000150 0.00089 ± 0.000070 322
5 S 63' all stat. 0.86 ± 0.160 0.00111 + 0.000290 0.00089 ± 0.000150 302
6 N 630 north stat. 0.76 ± 0.210 0.00122 ± 0.0002,10 0.00098 ± 0.000110 182
7 S 63' south stat. 0.73 ± 0.160 0.00142 ± 0.000320 0.00097 ± 0.000160 282

8 fll, < 3.8 km/s 1.07 ± 0.100 0.00074 ± 0.000110 0.00080 ± 0.000060 456

Table 2
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Origin i ie Latit Idc loigitude Mag No

1972 OCT 25 182550.5 70.900N 6.700W 4.10 2
1971 APR 28 12525-1.0 68.700N 16.200E 3.90 1
1975 JAN 20 104729.1 71.704N 14.205E 3.81 2
1977 APR 06 193145.1 61.734N 2.283E, 4.15 1

1977 API{ 30 233241.9 68.107N 10.6441 E 3.50 2
1977 NOV 09 141442.3 63.1 69N 1.934 3.76 1

1978 S'1) 19 145233.9 62.338N 1.538E 3.70 1
1981 SEP 0:3 1839-11.1 69.577N 13.96.11' 4.04 7

1982 A 1) R 19 09,1928.0 61.650N 4.3251.] 3.63 5
1982 JL , 29 001657.8 61.142N 0.809F 4.12 1

1983 MAI 0S 18.1355.7 59.617N 5.387H, 4.13 5

1986 FE3 05 175335.3 62.736N 4.668F 4.72 1

1986 APR 01 224235.3 70.889N 8.873k 3.82 1
1986 JUL 14 135037.9 58.457N 13.753E 4.1.1 4

1986 SITP 01 221125.3 60.803N 2.929E 3.99 2

1986 OCT 26 113414.3 61.626N 3.918F 4.36 2
1987 OCT :31 100914.9 61.105N 4.294' 3.57 5
1988 JAN 31 185142.1 68.086N 9.2,12, 3.68 11

1988 AP1RI 25 200933.0 78.560N 6.1051.] 3.60 1

1988 AUG 08 195934.0 63.672N 2.386E 4.96 5

1988 DEC 06 162141.8 77.010N 26.1,10, 3.74 6
1989 JAN 20 093346.2 57.618N 8.479kj 4.01 5
1989 JAN 23 140628.5 61.952N 4.4041, 4.82 5
1989 JAN 29 163822.2 59.651N 6.016Ek 4.41 5

1989 APR 16 063443.6 67.580N 33.680Ek 3.83 3

Table 3
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Origin time Latitude Longitude Ms MI
1974 APR 28 125254.0 68.700N 16.200E 4.3 3.9
1975 JAN 20 104729.1 71.704N 14.205E 4.2 3.8
1977 APR 06 193145.1 61.734N 2.283E 4.6 4.2
1977 APR 30 233241.9 68.107N 10.644E 3.9 3.5
1981 SEP 03 183941.1 69.577N 13.964E 4.4 4.0
1982 APR 19 094928.0 61.650N 4.325E 4.1 3.6
1982 DEC 15 064441.3 62.283N 5.368E 4.1 3.5
1986 FEB 05 175335.3 62.736N 4.66SE 4.8 4.7
1988 AUG 08 195934.0 63.672N 2.386E 5.3 5.0
1989 JAN 23 140628.5 61.952N 4.404E 5.1 4.8

Table 4
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APPEN)IX A

List of Recordings Collected and 1rocesscd

Explanation of Codes and Parameters Listed

Header line for each event

1977 APR 06 ISC 193145.1 61.734N 2.283E 10 4.4 ISC 3.9 UPP 4.6 4.2 MIW

Par no. 1: [19771 Year
Par no. 2: [APR] Month

Par no. 3: [06] Day of Month

Par no. 4: [ISC] Institution determining time and location

Par no. 5: [193145.1] Origin time hhmmss.s of earthquake (GMT)

Par no. 6: [61.734N] Epicenter latitude

Par no. 7: [2.283E] Epicenter longitude

Par no. 8: [10] Focal depth in kilometers

Par no. 9: [4.4 ISCI Magnitude and reporting agency

Par no. 10: [3.9 UPP] Magnitude ML and reporting agency

Par no. 11: [4.6] Magnitude MS
Par no. 12: [4.2 MlW] NORSAR Richter compatible magnitude ML

Record line for each station

O1AOI 471.5 285.9 Low gain, no P-arrival (LF)

Par no. 1: [O1AO]: Recording station code
Par no. 2: [271.6]: Epicenter distance in km
Par no. 3: [285.9]: Azimuth i degrees

Par no. 4: [Comments..] Comments to data or processing

Abbreviations and codes

BER : University of Bergen, Seismological Observatory

ISC : International Seismological Centre

NAO NORSAR Scientist

BKH : Norsar Analyst
PDE : USGS Preliminary determination of epicenters

UPP : University of Uppsala
NOP : University of Helsinki scientist
01AO1 : NORSAR instrument O1AOI
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1971 lOY 08 ISC 232444.4 62.9465 5.069E 33 4.5 POE 4.5 3.0 MHI

DIST AZIN Comments.....................

OCO) 3qq 6 .31? 32 Saturated, no P-arrival (LF)

OlAO 385.0 310.0 Saturated, no P-arrival (LF)

1972 OCT 25 ISC 182550.5 70.9009 6.7001 33 5.3 POE 5.1 4.1 MiW

DIST AZIN Comments ....................

03C00 1333.9 325.7 Ok (LF)

01AO1 1361.1 328.5 Ok (LF)

1973 FEB 13 ISC 000512.1 65.7875 18.887E 3.4 PEN 3.1 PEN 2.5 M1i

DIST AZIM Comments....................

03C00 625 8 33.1 No P-arrival

0101 680.4 32.5 Io P-arrival

1973 JUN 24 ISC 210642.3 62.4301 2.004E 33 4.0 PEI 2.8 ill

DIST AZIF Comments ....................

OIAOI b02.5 294.4 lo P-arrival (LF)

03C00 511.9 288.8 No P-arrival (LF)

1974 APR 28 BER 125254.0 68.7001 16.200E 33 4.9 POE 4.7 PEI 4.3 3.9 MiW

DIST AZIN Comments ....................

01101 910.8 13.7 Saturated, no P-arrival (LF)

1974 NOV 09 ISC 071423.9 69.6351 9.676E 33 3.8 PER 3.2 MlW

DIST AZI Comments ....................

03C00 937.0 355.9 lo P-arrival (LF)

0101 981.8 357.2 loise window = 3 sec (LF)

1974 DEC 18 ISC 201215.6 67.8541 10.490E 33 4.3 ISC 4.1 3.2 MIW

DIST AZIN Comments ....................

03C00 736.3 3S7.0 loise window < S sec (LF)

01AO1 781.7 358.8 Ok (LF)

1975 JAN 20 ISC 104729.1 11.7041 14.205E 20 5.0 ISC 4.5 PER 4.2 3.8 MiW

DIST AZIM Comments ....................

03C00 1170.8 4.8 Ok (LF)

01A01 1219.7 5.5 Ok (LF)

1975 NOV 12 ISC 000616.0 57.0111 7.173E 95 4.7 IGS 3.7 IGS 3.1 MiW

DIST AZIN Comments ....................

01*01 477.4 200.2 Saturated (LF)

03C00 531.9 209.0 Ok (LF)

197th AIK 2
f 

ISC 032447.S 56.7341 7.491E 3.5 1A0 2.4 UPP 2.3 MKW

DIST AZIM Comments ....................

01*01 498.0 204.7 No P-arrival

03C00 552.3 205.8 IN P-arrival

A , C c "1,50 1 62.13. 17.356E 3.6 MAC 2.9 U-P 2.7 Mil

z:;51 I T C -,='ents ..... . .. . .......

0, .uO 356 b 68 0 Saturated (LE)

01*01 406.3 54.1 Ok (LF)

. , ' " " ."2: 7 I' %.,1 15 254F 3 3 P!| 2 9 P.v ".1 Mil

IlLS" &LLIZ Com~ ente .. .........

01*01 281.6 118.8 Ok (LF)

03C00 284.5 130.3 Ok (LF)

19-
7 

AIR 66 "3C 1j145.l 6 7)41 2.S.3. 10 4 4 ::: 3.9 UPP 4.6 - 2 MIll

r'. C"=ents .. ..

- 2! 471 ". Low gain, no P-arrival (LF)

03C00 486.3 esO.2 Clipped

1977 APR )' ISC 0)2736.9 57.0961 6.108E 33 4.4 POE 1.8 IGS 2.2 MIl

DIST AZIM Comments .... ................

01*01 4149.6 215 4 INo P-arrival

c.r . 1,, I P-apr Val
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1977 APR 30 ISC 233241.9 68.1071 10.644E 14 4.1 ISC 3.9 3.5 MIW

DIST AZIM Comments ....................

03C00 764.1 357.6 No P-arrival (LF)
01AOI 809.8 359.3 go P-arrival (LF)

1977 NOY 07 ISC 003428.9 68.9161 28.987E 7 3.8 PEN 3.5 UPP 3.2 Mil

DIST AZIM Comments ....................
03C00 1179.7 36.3 Ok

1977 lOV 09 ISC 141442.3 63.1691 1.934E 10 4.6 PIE 4.7 IGS 3.8 MlV

DIST AZIM Comments ....................

O1A01 535.2 302.8 Low gain (LF)

1977 DEC 05 ISC 034450.9 62.3981 2.172E 30 4.2 PDE 4.4 IGS 2.9 M1W

DIST AZIM Comments ....................
01AO1 493.2 294.3 Ok (LF)

03C00 602.7 288.6 Ok (LF)

1978 JAN 09 lOP 024734.6 E9.8601 5.360E 3.1 MAC 2.5 lOP 2.2 Mil

DIST AZIM Comments. ..................
01AO1 324.1 252.6 Ok

0300 366.8 247.5 Ok

1978 FEB 24 ISC 110435.2 62.2291 1.806E 10 4.2 IGS 2.7 lOP 2.7 MiW

DIST AZIM Comments ...................
O1AO1 506.6 291.7 Ok (LF)

03C00 518.5 286.2 Ok (LF)

1978 MAR 07 ISC 023155.2 56.7643 7.931E 33 3.0 PEN 3.5 IGS 2.1 MlW

DIST AZIM Comments ....................
OIA01 485.4 201.9 Ok
03C00 539.3 203.3 Ok

1978 MAR 16 ISC 101111.8 59.0151 1.420E 33 3.7 IGS 3.6 IGS 2.5 RI

DIST AZIM Comments ....................
01AO1 566.6 253.1 Ok

03C00 608.4 250.1 Ok

1978 MAR 20 ISC 035739.0 62.6481 6.408E 4,3 MAC 3 2 UPP 4 3.1 MlW

DIST AZIM Comments ....................
03C0O 304.7 302.7 Clipped
01*01 310.4 312.3 Low gain (LF)

1978 APR 25 ISC 010236,4 58.8295 5.562E 3.0 PEI 3.1 Mll
DIST AZIM Comments ....................

OIAOI 373.4 235.4 Low gain (LF)

03C00 423.8 232.8 Saturated (LF)

1978 APR 29 ISC 211101.9 64.5381 14.554E 10 3.7 MAC 3.1 UPP 3.8 2.3 MiW

DIST AZIM Comments ....................
03C00 398.5 22.2 Ok (LF)

01A01 452.4 22.9 Ok (LF) (3c)

1978 SEP 19 ISC 145233.9 62.3381 1.538E 10 4.7 IGS 3.7 Mil

DIST AZIM Comments ....................
01A01 623.0 292.6 Low gain (LF)

1978 NOV 14 ISC 234018.3 66.9191 14.672E 3.0 lAO 3.3 UPP 2.5 MiW

DIST AZI Comments ...................
03COO 650.2 12.7 Ok

1978 DEC 04 ISC 104626.8 66.7971 13.755E 7 3.1 140 3.3 UPP 2.5 Mll

DIST AZIM Comments ....................

03C00 627.5 9.5 Ok

01J01 678.3 10.7 Ok

1978 DEC 09 IGS 210156.1 61.480N 3.200E 3.9 IGS 1.8 MlW

31



U1ST ALSM Comments

01A.1 419 6 283.1 Ok

03COV 439 7 276E. Ok

1978 DEC 21 ISC 153334 S 66 78S3 13 52SE 7 2.9 110 3.1 UPP 2.5 M1W

DIST AZIM Coments ...... .......

03COW 624.2 8.6 WE

01AO1 674.8 9.9 Ok

197) Di.C 14 ISt 0313A 7 G5 0581 S.257E 10 3.6 UPP 3.0 MIW

DIST AZIM Com ents ..... .......

03C00 524.3 326.5 Saturated (LF)

OAUl 549.3 331.2 Ok (LF) (3c)

197'j DLC 23 ISC 140910,3 59 5441 18.$34E 3.2 UVP 2.8 M1W

DIST AZIM Comments ....................

01A0
1  

463.7 104.7 Ok (LF) (30)

1980 MAY 27 BKB 165556.5 61.7503 15.10SE 3.0 PEN 3.6 lAO 3.0 M1W

DIST AZIM Com ents ....................

03C00 744.5 12.1 Ok (Two file-sets) (LF)

01A01 796.1 13.0 Ok (LF) (3c)

1980 OCT 17 LKS 185730.3 62.3411 4.767E 2.9 RAO 2.9 lAO 2.2 M1W

DIST AZIM Comments ....................

NFJ 336.9 312.5 Ok

o1Ao1 365.1 299.8 Ok (3C)

03C00 370 4 291.8 Ok

SJD 373.7 327.8 Ok

DRA 431.0 328.6 Ok

SRU 431.2 308.8 Ok

SPG 488.0 315.8 Ok

1980 BOV 17 BKB 181150.0 61.7961 1.929E 2 3.0 Sig 2 4 MlW

DIST IZIM Comments ....................

NFJ 440.7 294.3 Ok

SJD 442.2 307.2 Ok

DRA 495.2 310.3 Ok

SRU 540.9 294.9 Ok

SPG 582.6 301.9 Ok

1981 JAN 28 BKO 144322.3 65.8641 12.913E 2.9 SIN 2.4 M1W

DIST AZIM Comments....

112 5-. 14.0 Ok

'67 ~ 2 6.7 Ok

5 G 30.1 5.7 Ok

SJD 736.3 15.5 Ok

DRA 778.4 13.0 Ok, local expl. in Lg window

1tt 1. (A W 01) 2 Sf 9133 '? 974E 3.3 UPP 2.6 MlW

!_It j2yp Comments ....................

'A 'I 1 It Satrated

SJD 314.2 100.9 Saturated

9p.1 FEE jZ [K 1351t f 70 9141 9 06t 3.7 lAO 3.1 Ml

1,151 iz] Comments ....................

03C00 1081.3 355.5 Ok

OIAO 1126.7 356.6 Ok

IFJ 1174.9 359 2 Ok
.'k)' 1:1: * 3.t,..2U

'KI( I :V. 0 .3 125

L)KA *.Xt b b'., 0

;v, 1 k, tA1 t, b 8 t I b li 4 992F 3 C UPP .1 1 PAO 2.6 MIW

LJb l LI C e tB .. .. . . ....

bifi .4 .Mt I Saturateo
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01A01 335.6 292.6 Ok (3C)

DRA 382.6 325.6 Ok
SRU 394.8 303.S Ok
SPG 446.8 311.7 Ok

1981 MAR 20 BI 051101.6 68.378N 8,998E 3.2 1A0 2.6 1lW

DIST AZIN Comments ....................
03C00 801.5 352.9 Ok

IFJ 892.2 358.5 Ok
SJD 983.7 0.9 Ok

1981 APR 29 BIB 030849.8 61.2561 4.119E 2.9 SIN 2.4 KlW
DIST AZIN Comments ....................

IFJ 311.8 290.6 Ok
SJD 311.8 309.3 Ok
DRA 365.6 313.1 Ok

SRU 412.1 291 9 Ok
SPG 451.7 301.1 Ok

1981 MAY 22 BXH 034230.7 5.5903 23.290E 2.9 SIN 2.3 11W
DIST AZI Comments ....................

03C00 762.4 45.7 Ok
01A01 815.5 44.3 Ok

1981 JUN 22 BIB 043814.6 65.7945 0.194E 9 4.3 ISC 4.0 110 3.2 11W
DIST AZIM Comments ....................

03C00 751.0 317.1 Ok (LF)
IFJ 765.4 326.0 Ok
01101 767.3 320.5 Ok (LF) (3C)
SJD 816.7 331.9 Ok
SRU 848.4 323.5 Ok
DRA 874.1 332.2 Ok
SPG 915.8 326.3 Ok

1981 JU3 22 B8 185318.6 59.4693 22.854E 19 3.2 lAO 2.7 1I1

DIST AZIN Comments ....................
SPG 653.3 83.9 Ok

SRU 654.2 90.8 Ok

03C00 661.2 102.5 Ok

01A01 681.1 97.7 Ok (30)
IFJ 749.1 92.0 Ok
DRA 783.8 81.1 Ok

SJD 804.8 84.5 Ok

1981 JUL 15 BIB 081017.0 65.663N 0.215E 29 3.3 IGS 2.2 KIW
DIST AZIM Comments ....................

3FJ 764.0 325.3 Ok

1981 SEP 03 BIB 183941.1 69.5771 13.964E 4.8 ISC 4.7 UPP 4.4 4.0 11W
DIST AZIN Comments ....................

03C00 934.5 6.1 Saturated(two file-sets)kLF)
01101 984.0 7.0 Saturated (LF)
IFJ 1045.7 9.5 Saturated
SRU 1068.3 5.7 Saturated

SJD 1145.2 10.5 Saturated
SPG 1146.6 6.1 Saturated

DRA 1190.1 9.2 Saturated

1981 SEP 07 BIB 075207.5 72.6511 13.400E 4.3 ISC 3.', AO 3.2 M1W
DIST AZIM Comments ....................

03C00 1273.0 3.0 Ok
01A01 1321.1 3.7 Ok

1981 NOY 11 BIB 024852.3 57.0991 13.247E 2.7 UPP 2.9 NAO 2.3 11W
DIST AZIN Comments ....................

sPO 274.9 155.1 Ok

SJD 385.3 133.2 Ok
3FJ 423.0 148.1 Ok
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01*01 438 7 161.0 Ok

23qCa, 475.4 166.N Ok

1982 :%1 04 BKH 1822-1 2 59.2791 5.601E 2.8 BAO 3.8 2.5 MlW

DIST AZIM Comments ....................

SPG 326 P. 271.0 Ok

01101 342.0 241.7 Ok (LF) (3C)

03C00 390.1 238.1 Ok (LF)

1982 IAW 21 91H 181WR 739 1 68 245N 10.914E 3.2 IAO 2.8 MW

DIST 17I Comments ....................

03C00 778.9 358.5 Ok

01*01 825.1 0.1 Ok

IFJ 879.3 3.7 Ok

SJD 975.0 5.6 Ok

SP 991.5 359.0 Ok

DRA 1022.9 4.2 Ok

EVJ 1086.8 6.5 Ok

1982 MAR 17 ISC 223309.7 62.0891 1.974E 10 4.2 IGS 2.9 H1V

DIST AZIN Comments ....................

IFJ 449.5 298.4 Ok

SJD 458.1 A10.9 Saturated

EY] 511.4 322.3 Ok

DRA 512.3 313.5 Ok

SRU 549.0 298.3 Ok

SPG 594.4 304.8 Ok

1982 MAR 19 BKH 005205.1 65.0205 1.422W 1 3.6 Sig 2.5 MlW

DIST hIZ M Comments ....................

IFJ 663.2 324,7 Ok

SJD 713.3 331.6 Ok

SRU 747.7 321.8 Ok

DRA 770.7 332.0 Ok

EVJ 795.0 337.2 Ok. spikes in Lg window

SPG 814.0 325.0 Ok

1982 APR 19 B1 094928.0 61.6501 4.325E 4.0 BAO 4.1 3.6 Ml

DIST AZIM Comments ....................

IFJ 316.5 298.8 Low gain

S)U 331.0 316.7 Low gain

DRA 386.8 319.2 Lou gain

EVI 396.9 331.0 Low gain

SPG 462.3 306.6 Low gain

1982 AR 20 119 131929.8 19.1971 6.303E 3.6 BAO 3.2 MIW

DIST AZIM Comments ....................

EVJ 117.5 306.3 Low gain

S P 1.,7 1 254 1 Low gain

9R 9 5). 24.9 Lo, gain

225.. 235. Low gain

SPG 287 6 '68 r Low gain

, " .. -- - iP 0 "09F 20 4.4 PER 4 3 4.1 Mil

rIS" A" II Co-aentu..... ...

545.', 277.! Low gain ,

1982 AUG 06 Blff 074123.1 60 6211 6.336E 3.3 BAD 2.9 MlW

fTT- Azl M Comments ....................

JO .73 ; 374.1 Lo. a,u

4.- 179.4 13).f Low gain

041 229 1 318 1 Lou gain

EVJ 244.4 338 r Low gain

S . k. some samples edited

''' ;:F 17 1 A 112-12 I fw'341 15.617E 27 3.4 lAO 3.0 M1i

DISI %Z111 Comments ........ .........

#FV 398 i 6 !I o visible 2 "
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SPG 986.8 10.5 go visible P-arrival

SJD 1001.6 17.0 go visible P-arrival

DR& 1042.3 15.2 No visible P-arrival

1982 NOV 23 815 165836.5 60.7891 3.004E 18 3.0 NAO 2.0 KlW

DIST AZIN Comments ....................

SJD 340.2 296.2 Ok

NFJ 362.2 280.1 Ok

EVJ 371.8 313.5 Ok

DRI 388.7 301.5 Ok

SIU 461.4 283.7 Ok

1982 DEC 09 BIB 202108.0 66.3751 7.790E 4.4 ISC 3.2 SAO 3.4 K1W

DIST AZIN Comments ....................

NFJ 674.2 353.2 Ok

SRU 724.6 347.6 Ok

SJD 761.2 357.2 Ok

SPG 803.0 348.6 Ok

DRA 813.1 356.9 Ok

EVJ 868.5 359.5 Ok

1982 DEC 15 BIB 064441.3 62.2831 5.368E 3.8 lAO 4.1 3.5 KIl

DIST IZI Comments ....................

NFJ 308.8 315.2 Low gain

SJD 351.1 331.3 Low gain

DRA 408.5 331.7 Low gain

EVJ 436.2 342.0 Low gain

SPG 460.3 317.7 Low gain

1982 DEC 27 89K 181516.4 61.6201 3.837E 3 3.0 110 2.8 M1W

DIST AZI Comments ....................

1FJ 339.1 296.5 Low gain

SJD 348.3 313.4 Low gain

DRA 403.3 316.3 Low gain

EVJ 408.7 327.6 Ok

SRU 438.9 296.5 Ok

SPG 483.2 304.7 Ok

1983 JIM 04 BIB 024033.6 58.5681 0.451W 3.2 AO 2.3 81W

DIST AZIM Comments ....................

EVJ 436.7 273.0 No P-arrival visible

SJD 480.8 260.3 No P-arrival visible

DRA 502.5 266.9 No P-arrival visible

NFJ 553.9 252.6 go P-arrival visible

SRU 636.7 259.6 so P-arrival visible

1983 FEB 24 BIB 041947.1 60.2911 1.869E 3.0 SAO 2.6 81W

DIST ZIN Comments ....................

SJD 385.9 285.2 Ok

EVJ 394.4 301.4 Ok

NFJ 424.8 272.0 Ok

DPI 427.7 291.1 Ok

SRU 521.2 276.9 Ok

SPG 541.0 285.2 Ok

1983 MAR 08 BIB 184355.7 59.6475 5.387E 4.8 PDE 4.7 SAO 4.1 81W

DIST ZIM Comments ....................

SJD 182.5 274.6 Los gain

EVJ 189.2 309.9 Low gain

DRA 219.4 287.6 Low gain

IFJ 246.6 252.5 Low gain

SPO 338.6 278.1 Low gain

1983 MAR 08 BKN 185206.1 59.7135 5.452E 3.0 lAO 2.3 Mll

DIST AZIN Comments ....................

EVJ 190.9 312.3 Low gain

NFJ 240.7 253.8 Low gain

SRU 327.3 265.7 Ok
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SPG 335.4 279.4 Ok

1986 JA! 19 i'C 04552 .2 64 6739 12.668E 3.3 1OP 2.5 Mii

DIST IZIM Comtnts ......... .........

IORESS 442.7 7.0 Ok (3C)

1986 JAN 25 ISC 231323.6 61.7101 17.006E 10 3.3 UPP 2.3 lVI

DIST AZIM Comments ....................

lORESS 313.0 67.3 Ok (3C)

1986 JA 31 lOP 060016.0 65.4001 10.300E 3.0 lOP 2.3 Mii

DIST AZIN Comments ....................

NORESS 523.7 353.7 Ok (3C)

1986 FEB 05 RFR 175335.3 62.736N 4.668E 16 5.0 POE 4.2 BER 4.8 4.7 MlW

DIST AZIN Comnents ....................

STF 222.5 40.9 Ok (problems)

DORFSS 425.9 304.5 Ok (9F) (IP) (3C)

1986 APR 01 BER 095658.0 56.6441 12.014E 15 3.6 BER 3.3 BER 3.5 MlI

DIST AZrx Comments ....................

WORESS 456.5 176.4 Ok (C4) (IP) (3C)

1986 APR 04 BER 224235.3 70.8891 8.873E 29 4.6 POE 3.5 HER 3.8 MlW

DIST AZTM Comments ....................

WORESS 1138.5 355.1 Ok (C4) (IP) (3C)

1986 JUl 15 BER 150105 9 61.6701 3.906E 3.0 HER 2.9 Ml

DTST AZIM Comments ....................

IORESS 423.2 287.6 Ok (C4) (3C)

1986 JUL 14 UPP 111955.0 66.5001 14.500E 3.0 UPP 2.5 lIi

DIST AZIM Comments ....................

DORESS 659.0 11.5 Ok (C4) (3C)

1986 JUL 14 BKV 135037.9 58.4571 13.753E 16 4.1 UPP 3.9 HER 4.1 Mli

DIST AZIM Comments ....................

ORESS 282.8 152.8 Ok (HF) (IP) (3C)

ODD 438.1 108.6 Clipped

KYE 520.4 122.1 Ok

SUE 581.9 115.9 Ok

1986 JUL 14 BKR 144531.2 58.2101 13.872E 21 3.4 BAO 3.1 BER 2.8 Mli

fTSV AZIM Comments ....................

lORveS 110 7 !13 R Ok (C4) (3C)

BLS 14 427.7 104.9 Ok

ODD 456.5 111.4 Ok

BYA 543.3 123.9 Ok

SWF 601 2 117 7 Ok

leg~ ! 5 '21~ ~ 74V V) 3 4 PR 3A.4 140 3.0 MlIV

D1ST AZIN Comments ....................

ORESS 683.5 6.0 Ok (C2) (3C)

1QQ'; A7J n4 Wrvn 9Q4! 0 6' 90A'I 5 qoopj q 0 sOP 2.1 NlV

DIST AZTM Comments ....................

DORESS 633.3 33S.5 Ok (C4) (3C)

-'r 1tC, ')Q U n7PI19 4 SO 771W 3 961E 4 2.9 BER 2.5 Mi

nT; % ATT4 ( I ent . .......

W091 411 1 274 0 Ok (C2) .,,

1986 SEP 01 HER 221125.3 60.8031 2.929E 12 3.5 HER 3.5 BER 4.0 Mii

MIST 1 I5 1 Com ents ....................

Olt01 '32 9 3 ? 9 Low gain (LF)

InuF'Q 469 1 274.7 nk (C2) (TP) (3C)

t986r 21 1 .211! 1.. 3s. 1
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DIST AZIM Comnts...... .....

0URESS 273.4 104.6 Ok (C2) (3C0
DLS 14 537.0 78.3 Ok

ODD 539.3 84.4 Ok
ET 567.2 98.4 Ok

KEY 629.1 76.9 Ok
SUE 642.1 95.2 Ok

1986 OCT 26 BER 113444.3 61.6261 3.918E 11 4.5 POE 4.0 BEN 4.4 MlIW
DIST AZIN Coments ....................

OIAO1 384.1 286.1 Low gain (LF)
NURESS 421.7 286.9 Ok (C2) (IP) (30)

1986 NOV 02 BER 074800.6 58.S771 13.420E 11 3.4 BEN 3.4 BEN 3.2 Mlii
DIST AZIM Coments ....................

101155 262.7 155.4 Ok (C2) (3C)
BLS 14 389.6 100.6 Clipped, processed

ODD 414.2 108.7 Ok
KY 476.2 95.0 Ok

ETA 496.9 122.3 Ok
SUE 568.3 115.8 Ok

1987 JAN 06 lOP 044444.0 65.7001 0.200E 3.5 lop 2.6 Mlii
DIST AZIM Comments ....................

301155 792.6 319.1 Ok (30

1987 JAN 19 BEN 040732.2 55.9701 4.871E 2.9 BEN 2.2 Mlii
DIST AZIM Coments ....................

DURESS 658.3 219.2 Ok (30

1987 FEB 04 BEN 120244.0 61.5861 4.586E 17 3.7 NB2 3.3 BEN 3.1 MlIW
DIST AZIM Comments ....................

SUE 59.7 351.0 Clipped, processed
ETA 97.6 299.4 Clipped, processed
ODD 214.7 329.0 Ok

KEY 267.0 352.4 Ok

BLS 14 273.9 334.2 Clipped, processed
DURESS 386.1 287.2 Ok (30
ISS 496.6 232.0 Ok

1987 MAR 01 BEN 064208.1 57.2853 6.821E 10 3.2 BEN 3.0 Mlii
DIST AZIM Constents....................

lET 233.7 156.0 Ok
ODD 297.0 178.2 Ok
ETA 433.9 174.9 Ok

SUE 436.4 163.4 Ok
DURESS 470.1 217.3 Ok (30

ROL 590.2 184.3 Ok

1987 APR 04 NOR 072914.3 67.3821 7.549E 30 3.1 BEN 3.0 Mli
DIST AZIM Coments ....................

LOF 265.9 254.5 Ok

NOR 341.8 295.2 Clipped, processed
ISS 375.9 329.7 Saturated
ROL 536.5 0.0 Ok
ETA 696.1 4.8 go P-arrival
SUE 717.8 9.6 Noise window < I sec
DURESS 765.8 347.0 Ok (30
ODD 829.6 2.6 Ok
&my 917.8 6.2 Ok, long period pulse in Lg

1987 APR 19 NON 123953.2 67.8731 19.624E 1 3.2 BEN 3.2 BEN 3.0 Mlii
DIST IZIN Constents ....................

KTK 196.1 231.1 Ok
NOR 279.0 47.0 Clipped, processed
USS 507.1 39.3 Ok, I sec datagap in Lg win.
NOL 815.1 38.3 Ok
DURESS 885.1 22.6 Ok (30
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1987 APR 19 NOR 221525 5 57.3691 8.023E 2 9 BER 2.8 11W

DIST IZIM Comments ....................

spY 262.0 140.4 Saturated, no P-arrival

ODD 298.1 164.1 No P-arrival

#DRESS 425.7 209.8 Ok (3C)

BYA 435.7 165.3 Ok

SUE 451.0 154.2 Ok

ROL 580.1 177.2 Ok

NSS 825.8 196 7 Ok

1987 KAY 21 BEL 163141.0 67.1 N 20.6 E 0 2.1 BEL K 2.2 R1W

DIST AZIN Comments ....................

NOR 275.1 66.9 Ok

LOF 321.9 107.6 Ok

1987 KPY 25 NOR 023525.6 61.7831 4.748E 3.1 BER 2.7 K1W

DIST AZIN Comments ....................

DORESS 382.6 290.7 ak (3C)

1987 MAY 27 lOP 024801.0 67.7001 22.700E 3.0 lOP 2.6 IV

DIST AZIN Comments ....................

NORFSS 943.8 30.0 Ok

1987 JU! 14 NOR 032011.7 69.422N 14.173E 6 2.9 BER 2.3 11W

DIST AZIN Comments ....................

LOF 146.3 10.0 Ok

TRO 187.1 265.0 Ok

SS 553.8 9.0 Ok

1987 JUN 16 NOR 114716.8 66.4341 15.169E 3.0 BER 2.1 K1

DIST AZIM Comments ....................

NOR 28.3 39.2 Clipped, processed

LOF 202.2 158.7 Ok

ISS 258.8 33.5 Ok

1987 SEP 04 NOR 013149.4 69.5251 13.427E 15 2.9 BER 2.0 1W

DIST AZIN Comments ....................

LOF 155.4 358.6 Ok

TRO 214.6 269.4 Ok

KTI 391.5 283.0 Ok

ISS 560.5 5.8 Ok

MOL 819.2 16.3 Ok

1987 SEP 04 NOR 083820 4 61.3631 3.002E IS 2.9 BER 3.2 K1W

DIST ZI Comments ....................

STF 64.6 78.8 Clipped, procesed

SUE 100.5 290.6 Clipped, processed

EYA 172.3 278.7 Clipped, processed

OD) 254 8 369.7 Saturated

spy 269 Q 333.6 Saturated (w)

MOt. 273.7 242.6 Ok

BLS 14 304.6 317.8 Saturated

(714n 410 1 1) 1 7) T - r ('.t

03C0 A5O 275.1 ni (TF

VWfS 466.3 282.? Ok (3C)

ISS 575.2 236.2 Ok

1987 SEP 05 NOR 011722.9 65.6561 12.349E 15 3.4 BER 2.5 M1W

DIST AZIM Comments ....................

USS 126.7 8.0 Clippe
1  

ore-'',,

* rF 140 q 1ql 1 ni

Rol. 415 8 32.1 Ok

wnPi , 550.0 3 Q Ok (3C)

KTK 538.1 276.5 Ok

1q87 SFP Or RP1. 17491;8 0 61 19 I 0 07 E 10 3 0 RT. 3.2 K1W

qIS AZI 7-ments.. ......
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MOL 468.9 311.8 Ok
SS 568.1 282.8 Ok

LOF 677.5 247.4 Ok
EORESS 763.1 315.5 Ok (3C)
IT1 1084.5 258.0 Ok

1987 SEP 08 NOR 094941.0 66.5691 14.500E 15 3.2 BER 2.3 81W
DIST AZIN Comments ....................

LOF 179.3 166.0 Ok

ISS 256.6 26.1 Ok
1T1 457.7 237.6 Ok

ROL 566.0 33.7 Ok
EORESS 666.5 11.4 Ok, local event in Lg window

1987 SEP 11 TOR 163043.5 66.8951 21.073E 15 3.2 BER x 1.9 Wl
DIST AZIR Comments ....................

1T1 252.8 202.0 Ok
TRO 318.0 162.8 Ok

LOF 350.3 109.7 Ok
ISS 493.6 63.7 Ok

1987 SEP 17 BEL 163552.0 67.1 1 20.6 E 0 2.1 BEL X 2.1 81W

DIST AZIK Comments ....................
1T 239.8 208.5 Ok

T.O 290.8 165.5 Ok
LOF 321.9 107.6 Ok

1987 SEP 20 NOR 063745.7 67.6375 15.042E 15 2.9 BER 1.9 81W
DIST AZIK Comments ....................

LOF 84.4 130.2 Ok

KOR 156.5 4.3 Ok

TRO 272.9 217.2 Ok

1987 OCT 04 BER 022509.9 58.7931 1.621E 16 3.4 BGS 2.6 BER 2.5 K1W

DIST AZIM Coments ....................
18Y 213.5 258.9 Ok

BLS 14 305.7 259.7 Ok (wrong gain)
SUE 307.3 216.2 Ok

ODD 314.4 248.0 Ok

BYA 367.1 226.0 Ok

EORESS 597.3 253.1 Ok (3C)

1987 OCT 19 NOR 053410.6 59.7471 6.631E 6 3.0 BER 2.8 81W
DIST IZIN Comments ....................

ROL 318.4 189.3 Saturated

1987 OCT 31 OR 100914.9 61.1051 4.294E 19 4.2 POE 3.3 BER 3.6 K1W
DIST AZIK Com ents ....................

STF 134.3 96.1 Ok

M81 217.4 346.3 Clipped, processed

01*01 358.0 277.5 Low gain (LF)
EORESS 395.1 279.1 Ok (3C)

NOR 770.3 227.0 Ok
ARCESS 1351.0 236.5 Ok (30)

1987 NOV 01 NOR 203935.6 65.0763 11.807E 10 3.3 BER 3.3 BER 3.1 RlW

DIST AZIK Comments ....................
ROL 349.2 35.0 Ok

LOF 349.2 193.4 Ok (3C)
EORESS 484.1 1.5 Ok (3C)

TRO 592.5 214.4 Ok

M71 661.7 234.0 Ok
IRCESS 766.7 236.3 Ok (3C)

1987 NOV 03 NOR 223515.3 68.3241 15.542E 10 3.0 BER 2.3 I1W

DIST AZIN Comments ....................

LOF 86.3 74.7 Clipped, processed
TR 199.2 224.5 Ok
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KTK 321.5 259.8 Ok

ARCESS 421.6 256.0 Ok (3C)

1987 NOV 12 lOP 055256.0 68.2001 26.600E 2.9 lOP 2.4 MlW

DIST AZIN Comments ....................

ARCESS 155.3 163.0 Ok (3C)

1987 DEC 23 BIH 125932 2 69.4 1 30.8 E 0 3.1 BEL N 3.1 MlW

DIST AZIN Comments ..................

ARCESS 207.8 91.7 Ok. Rg phase present (3C)

1987 DEC 26 BER 165742.2 59.7889 6.359E 3.3 BER 2.6 BER 2.9 K1V

DIST AZIM Comments ....................

K[Y 89.9 44.0 Saturated

HYA 153.8 176.4 Ok

SUE 166.6 147.4 Ok

01AO 276.4 246.8 Low gain (LF)

#ORESS 305.6 252.1 Ok (30)

03C00 322.4 241.6 Ok (LF)

1988 JAN 03 NOR 203653.3 67.5901 10.399E 10 3.1 BER 2.0 NIW

DIST AZIM Comments ....................
LOF 144.7 246.8 Ok

ISS 348.4 349.0 Ok

1988 JAN 12 BEL 153304.0 67.1 1 20.6 E 0 3.0 BER N 1.6 MIW
DIST AZIM Comments ....................

KTK 239.8 208.5 Ok
TRO 290.8 165.5 Ok

LOF 321.9 107.6 Ok

aSS 487.1 50.2 Ok

1988 JAI 19 BER 070209.2 61.0741 4.306E 12 2.8 BER 2.3 JWi

DIST AZIM Comments ....................

SUE 24.6 274.6 Clipped, processed

HYA 101.9 265.0 Ok

ODD 180.3 315.0 Ok
[MY 213.9 346.3 Ok

BLS 14 233.9 324.4 Ok

1988 Jig 23 NOR 062135.7 65.6531 2.108E 10 4.9 PDE 3.1 BER 3.3 MIW
DIST AZIM Couments ....................

KOL 433.8 324.8 Ok

SUE 529.1 346.6 Ok

4Y1 b39.8 339.6 Ok

LOF 570.3 246.4 Ok (3C)

ODD 676.5 341.9 Ok

RNY 735.8 348.7 Ok

TRO 836.8 246.1 Ok

TN 916.1 257.6 Ok

IORL '23.8 323.2 Ok

ARCEs !J77.1 257.6 uk (3C)

t988 JAN 24 NOR 111045.3 57.0741 13.447E 10 2.3 BER 3.2 BER ?.1 I'w

DIST AZIN Coments ....... . . ......
fuk i1O.0 328.5 .aturated

LOF 118.0 181.b Ok (3C)

[TZ 461.5 246.7 Ok

ARCESS 567.0 246.8 Ok

iOL 574.b 26.b Sk, noisy

ORE: 712.8 6.1 ',k

198
8 

JAs 29 NUK 1254q4.u ,.i N .,,SbbE 10 3.1 BER 3.2 BER M 2.7 IV

JISI AZIM Comments ....................

WRCES. 1.8.. 10.8 Ok, Rg phase preF
:

y, r3C)

TRO 434.0 92.3 Ok

;,OF 672.7 73.0 Ok (3C)

SS t33.e, 46.4 k
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NORESS 1266.1 34.8 Ok

1988 JAN 31 NOR 18S142.1 68.0861 9.242E 10 4.3 POE 3.5 BER 3.7 KIM

DIST AZIM Comments ....................
ISS 414.8 344.1 Clipped, processed
TRO 425.9 250.7 Clipped, processed
MOL 620.0 6.5 Ok

03C00 767.8 353.2 Ok (LF)
BY1 785.0 9.4 Ok
01101 811.2 355.1 Low gain (LF)
SUE 812.1 13.3 Ok
NORESS 826.9 353.3 Ok (3C)

ODD 915.5 6.8 Ok

BLS 14 976.5 5.9 Ok
K!Y 1008.3 9.5 Ok

1988 FEB 01 BEL 124049.4 66.44 1 14.71 E 0 3.3 BER 2.4 KIM

DIST AZIM Comments ....................
TRO 397.1 208.3 Ok
AT 460.2 235.5 Ok

MOL 651.2 35.4 Ok
IRCESS 567.3 237.7 Ok (3C)

NORESS 654.9 12.5 Ok (3C)

1988 FEB 18 BER 216037.5 60.70S1 3.254E 11 2.7 BER 2.3 M1W

DIST AZIK Comments ....................
SUE 90.8 245.1 Ok

9YA 167.1 253.4 Ok
ZMY 200.2 327.1 Ok

ODD 206.5 295.5 Ok
BLS 14 247.1 307.9 Ok

1988 FEB 24 NOR 175716.1 66.4311 14.624E 10 3.2 BER 2.2 KIMW
DIST AZZH Comments...................

LOF 195.5 165.5 Ok
ISS 245.0 29.0 Ok
TRO 399.6 208.7 Ok
K 463.7 235.8 Ok

MOL 547.9 35.2 Ok
ARCESS 570.8 237.9 Ok (3C)
NORESS 653.0 12.2 Ok (3C)

1988 FEB 29 NOR 184947.9 67.2951 20.492E 10 3.0 BER K 2.2 KJV
DIST AZIM Comments ....................

AECESS 323.6 221.8 Ok (3C)

iORESS 850.5 26.9 Ok, noisy

1988 RJR 02 NOR 123838.0 69.2381 29.598E 10 3.1 BER M 2.4 KIM
DIST HIM Comments ....................

ARCESS 164.2 99.7 Ok. Rg phase present (3C)

1988 MAR 03 DEL 173752.4 72.56 9 13.52 E 0 3.1 BER 2.5 MJW
DIST AZIK Comments ....................

ARCESS 548.7 313.4 Ok (30)

1988 MAR 06 BKH 95517.6 67.3811 34.116E 0 3.3 DER M 3.2 KMV

DIST AZIN Comments ....................
*RCESS 426.4 120.2 Ok (3C)

1988 MAR 06 BER 031132.0 60.0071 5.875E 1 2.0 BER 1.5 Ml1

DIST AZIM Comments ....................
ODD 44.7 278.5 Ok
BLS 14 87.2 322.5 Ok
9MY 95.4 21.5 Ok

HY9 130.3 187.7 Ok
SUE 132.0 151.9 Ok

1988 MAR 09 BER 170715.3 60.9401 4.011E 2 2.7 BER 2.2 lW
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DIST IZIM Comtents ....................

SUE 42.6 252.5 Ok, S energy in P window

1YA 120.2 258.9 Ok

ODD 183.1 308.2 Ok

KAY 204.5 340.9 Ok

BLS 14 232.9 319.1 Ok

1988 AIR 17 BER 18S807.0 59.6781 5.516E 10 3.2 BER 2.7 HIV

DIST AZIM Comments ....................

[NY 54.1 16 3 Clipped, processed

ODD 71.3 245.4 Clipped, processed

SUE 1S9.2 164.5 Saturated

fy& 169.9 192.9 Ok

01A01 324.4 248.7 1's gain (LF)

EGRESS 354.1 253.2 No P-arri-al (3C)

03C00 369.1 244.0 Ok (LF)

1988 AIR 21 BER 201947.9 61.3131 4.431E 10 3.0 BER 2.7 MIW

DIST AZIM Comments ....................

BYA 95.7 280.6 Clipped, processed

ODD 195.0 322.1 Ok

KNY 238.4 349.4 Ok

BLS 14 251.8 329.3 Ok

VnRESS 389.6 282.6 Ok (3c)

1988 MA 31 BER 025607.8 56.5331 3.383E 15 '.8 PER 4 2.4 Mil

DIST AZIM Comments ....................

KMY 318.2 201.1 Ok

E: 14 377.8 214.1 Ok

ODD 426.6 208.3 Ok

SUE 510.2 189.6 Ok

1988 APR 24 EEL 211251.0 67.88 I 10.15 E 15 3.6 BEL 2.8 Mil

DIST AZIN Comments ....................

ARCESS 647.4 260.7 Ok (3C)

EORESS 799.4 355.8 Ok (3C)

1988 APR 25 PDE 200933.0 78.5601 6.105E 10 4.8 PDE 4.4 3.6 ll

DIST IZIM Comments ....................

ARCESS 1157.0 338.5 Ok (3C)

1988 NAY 03 BER 063413.3 57.3131 6.775E 15 2.0 BER 2.6 BER 2.0 MIl

DIST IZIM Comments ....................

N 229.7 156.4 Ok

BLS 14 231.4 180.8 Ok

ODD 293.8 178.7 Ok

DYL 430.5 175.3 Ok

1988 MAY 12 BER 101141.9 61.0081 3.581E 15 2.3 BER 1.4 Mll

DIST AZIN Comments ..................
UE 64.0 265.6 Ok

SER 118.4 106.8 Jk

HYA 141.7 264.0 Ok

T'IY 220.- 335.9 Ok

.S 1* 254.7 316.4 ')k

1988 MAY 13 101' 003731.0 66.8005 29.600E 3.1 lOP 2.8 MiW

DIST AZIM Comments ....................

4RCESS 349.1 149.0 Ok (3C)

T .63.3 '-29.7 ;aturated

ZEO 42.3 20.5 Ik

)RES, ' 11.7 4.S Ok

338 MAf 16 8 t 235023.1 (,7 56Fi 21.,'180E 15 3.4 BER 3.3 BER 2.9 MiW

DIST AZIM "omments ...........

4RCESS 276.5 219.4 Ok (3C)

SORESS 897.4 27.8 Ok (3C)
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1988 NAY 17 BER 002326.7 65.1081 6.003E 15 2.7 BER 3.1 BER 2.7 11W

DIST AZIN C-,i, ents ....................

ROL 292.9 345.6 Ok

LOF 473.5 228.2 Ok (30)

MORESS 562,4 332.4 Ok (3C)

ARCESS 961.1 i4d.8 Ok

1988 NAY 23 BER 035528.0 57.4661 6.779E 1 2.9 BER 3.0 BER 2.8 flW

DIST IZIN Coments ....................

NORESS 454.8 218.9 Ok (3C)

1988 MAY 28 BEL 145600.6 57.94 1 7.18 E 15 2.8 BEL 2.7 RIM

DIST AZIN Comments ....................

ODD 222.0 171.5 Ok

BER 292.6 157.9 Saturated

BYA 363.8 170.7 Ok

SUE 373.3 157.4 Ok

OIAO1 385.9 214.7 Low gain (LF)

UORESS 398.0 220.5 Ok (3C)

03C00 440.4 214.7 Ok (LF)

1988 JUl 02 BER 113555.6 62.0571 2.479E 15 3.0 BER 2.9 BER 3.0 1W1

DIST AZIN Comments ....................

SUE 164.7 313.6 Clipped, processed

BYA 220.4 298.4 Ok

ROL 269.0 260.0 Ok

ODD 326.2 317.8 Ok

KNY 351.3 33S.7 Ok

BLS 14 380.1 323.3 Ok

O1AOI 468.0 290.4 Low gain (LF)

03C00 481.2 284.5 Ok (LF)

NORESS 505.7 290.9 Ok (3C)

1988 JUN 03 DER 060S05.0 59.7471 5.568E 15 1.9 BER 2.4 SER 1.9 R1W

DIST AZIN Coments ....................

LET 62.3 16.8 Ok

ODD 65.6 250.3 Ok

BLS 14 81.5 299.7 Ok

SUE 152.6 162.7 Ok, airgun noise

DYA 161.7 192.4 Ok

1988 JUN 08 BER 020331.6 66.5601 15.987E 15 2.6 BE 3.1 BER 2.1 M1W

DIST AZIN Coments ....................

LOF 204.8 147.7 Ok (3C)

TRO 363.9 201.0 Ok

NORESS 685.3 16.8 Ok (30)

1988 JUN 27 BID 75525.5 58.2035 11.022E 2 3.0 BER 2.3 R11

DIST £ZIN Com ents ....................

NORESS 283.6 186.2 Ok (3C)

ODD 315.8 125.2 Ok

BYA 427.7 138.4 Ok

SUE 474.9 129.3 Ok

1988 JUL 23 DER 070439.2 59.5175 5.608E 15 2.0 BER 2.4 BER 1.9 H1w

DIST £ZIN Comments ....................

AlY 39.7 31.0 Ok

BLS 14 70.6 282.1 Ok

ODD 76.7 231.5 Ok

SUE 177.9 164.4 Ok

BYA 186.5 190.1 Ok

1988 JUL 30 SER 024142.2 61.2181 5.289E 15 2.3 BER 1.1 1w1

DIST AZIN Coments ....................

SUE 33.6 57.5 Ok

BY& 48.6 277.2 Ok

ODD 160.2 332.5 Ok

BLS 14 220.7 338.0 Ok
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1988 JUT. 31 13ER 090808.4 62 0453 2.41SE 15 2.7 BER 2.8 BER 3.1 KI

DIST AZIN Com ents ....................

SUE 166.4 312.5 Clipped, processed

HYA 222.8 297.7 Ok

ODD 327.7 317.3 Ok

K1M 351.6 335.1 Ok

BLS 14 381.3 322.8 Ok, clipped in P-gindog

1988 AUG 06 BER 035259 5 59.9571 6.319E 3 1.1 BER 2.2 BER 0.8 iv

DIST AZIN Com ents ....................

ODD 19.5 272.4 Ok

BLS 14 69.4 335.8 Ok

KRY 102.7 35.7 Ok

BYA 134.9 176.9 Ok

1988 AUG 08 BER 195934.0 63.6721 2.386E II 4.8 H*O 4.0 BER 5.3 5 5.0 ilv

DIST AZIN Comments ....................

01A01 541.9 309.2 Lou gain (LF)

VOBESS 577.3 308.5 Ok (HF) (IP) (3)

TRO 983.0 235.6 Saturated

ARCESS 1204.4 248.5 Ok (3C)

1988 AUG 21 BER 145201.3 66.6341 12.477E 8 3.3 BER 2.3 MIW

DIST AZIN Com ents ....................

LOF 173.0 195.5 Ok (3C)

ESS 235.7 5.5 Ok

TRO 428.3 221.8 Ok

MOL 510.5 25.3 Ok

ARCESS 630.2 245.4 Ok (30)

EORESS 659.2 3.6 Ok (30)

1988 SEP 01 BER 172838.4 66.9701 21.213E 2.4 BER 3.0 BER N 2.1 il

DIST AZIN Comments ....................

1TK 242.8 201.3 Ok

NOR 297.0 71.1 Ok

TRO 311.6 161.3 Ok

ARCESS 336.6 213.8 Ok (3C)

LOF 352.2 108.0 Ok (30)

ESS 502.9 53.2 Ok

1988 SEP 02 BER 181402.1 66.9161 20.808E 37 1.9 BER 3.0 BER N 1.8 NMi

DIST AZIN Coments ....................

ITI 254.8 204.7 Ok

NOR 278.4 71.5 Ok

TRO 312.8 164.7 Ok

ARCESS 350.8 215.9 Ok (30)

1988 SEP 17 BEB 094947.4 61.4201 1.571E 18 2.8 BER 3.1 BER 2.9 ill

DIST AZIN Comments ....................

SUE 176 0 284.7 Ol

BY& 249.0 278.5 Ol

KNY 319.0 322.0 Ol

ODD 322.9 302.7 Ol

ROL 338.3 250.4 Ol

BLS 11 367.4 310.2 Ok

IORESS 543.0 282.4 Ol (30)

LOF 936.5 222.8 Ol

ZTK 1308 1 240.4 Ok

198A S % 28 vLR 091f , RER 3.4 RTER

OIST 4ZIN Cowrents . ....... ...

TR0 370,7 251.9 Ol

ROL 660.2 10.0 O

NORMES 854 0 356.7 Ol

1988 OCT 20 B8K 214349.6 60.0701 6.420E .6 BE 3.8 IRS .3.4 NIU
oIST ZIM Comments..
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OlAO1 260.4 252.6 Low gain (LF)
NORESS 291.8 257.5 Ok (3C)

NOR 804.6 215.3 Ok

ARCESS 1379.5 229.7 Ok

1988 OCT 27 BKD 142216.7 66.8921 8.880E 25 3.8 BEL 3.4 MlW

DIST AZIM Coments ....................

TED 514.8 238.4 Ok

IYA 651.6 10.4 Ok

SUE 680.7 15.4 Ok

NORESS 698.6 350.4 Ok (3C)

BER 745.9 12.1 Ok

ARCESS 746.3 254.7 Ok (3C)

ODD 786.0 7.2 Ok

BLS 14 842.5 6.1 Ok

1988 OCT 27 BXD 224728.4 66.9571 8.824E 25 3.0 BEL 2.3 RMl

DIST AZIN Comments ....................

LOP 239.4 239.0 Ok (3c)

ISS 306.4 333.4 Ok

MOL 492.9 6.5 Ok

ORESS 706.2 350.3 Ok

ARCESS 744.8 255.3 Ok

1988 NOV 09 DEL 183252.0 67.1 5 20.6 E 0 2.3 BEL M 2.3 Mli

DIST AZIM Comments ....................

IT& 239.8 208.5 Ok

ARCESS 338.5 219.0 Ok (3c)

iORESS 835.5 28.1 Ok

1988 NOV 29 BER 230342.0 67.9581 20.661E 3.0 BER 1.7 Ml

DIST AZIM Comments ....................

1T1 157.8 223.1 Ok

TPO 199.5 158.7 Ok

ARCESS 263.3 230.4 Ok (30)

LOP 298.4 90.4 Ok (3C)

USS 545.8 41.7 Ok

1988 DEC 06 DEL 162141.8 77.01 1 26.14 E 10 4.0 BER 3.7 Mli
DIST AZIN Comments ....................

ARCESS 834.5 1.1 Ok (3C)
Tro 853.6 12.2 Ok

KT1 897.4 4.7 Ok

LOP 1071.4 17.1 Ok

NOR 1261.4 13.1 Ok

ISS 1477.0 13.9 Ok

1988 DEC 7 BER 182854.3 67.0395 21.480E 4 3.2 BER 2.0 BER M 1.5 Mli

DIST AZIM Com ents ....................

1T 231.9 199.3 Ok

TR8 307.8 158.8 Ok

NOR 310.1 70.2 Ok

ANCESS 324.1 212.7 Ok

3SS 516.8 53.0 Ok

1988 DEC 15 BER 131038.7 57.8161 11.4956 0 3.1 BEE 0.0 1.9 Ni

DIST AZIM Comments ....................

0GRESS 325.2 180.5 Ok (30)

ODD 366.0 128.4 Ok

KRV 395.8 110.4 Ok

EYA 479.0 138.8 Ok, much 1ong-period noise

MOL 572.9 155.8 Ok

1988 DEC 15 BER 183003.0 66.8335 21.486E 2 3.2 BER 0.0 M 1.8 Riv

DIST AZIM Comments ....................

1T 263.8 197.6 Ok

TEO 329.7 160.1 Ok

ARCESS 344.3 210.8 Ok (3C)
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ISS 506 6 55.3 Ok

ROL 814.4 48.3 Ok. noisy (At quantum level)

1988 DEC 23 HEL 81843.0 67.6 I 34.2 E 0 3.4 BER K .3 Rl'!

DIST AZIM Comments ..................

1T7 478 3 104 0 Ok

1988 DEC 24 HER 213052.3 68.5753 12.787E 7 3.0 HER 2.1 BER 2.0 RMI

DIST IZIM Comments ...... .............

TRO 271.4 247 1 Ok

NW., 274 1 342.9 Ok

KTK 424.3 268.3 Ok

ARCE<S 511.8 264-1 Ok, noisy

Not 711 3 17-5 Ok

1988 DEC 31 HER 140059.0 69.9033 31.254E 13 3.7 HER 2.8 HER N 2.8 KWl

DIST AZIM Comments ....................

IRCESS 226.1 76.9 Ok, Rg phase present (3C)

1TK 329.3 68.7 Ok

TRO 476.1 80.6 Ok

NOI. 1329.3 42.0 Ok, noisy (at quantum level)

IORESS 1362.1 33.3 Ok

1989 AI 2 BER 182932.4 67.0931 21.012E 0 3.2 HER 0.0 N 1.9 NiV

DIST IZIN Comments ....................

KTK 233.2 204.5 Ok
NOR 292.0 68.1 Ok

TRO 296.0 162.2 Ok

IRCESS J29.3 216.3 Ok (3C)

1989 Jig 6 BER 120731.7 67.9231 34.447E 15 3.7 HER 0.0 N 3.1 NW

DIST AZIN Comments ....................

IRCESS 403.8 112.2 Ok (3C)

KTA 474.4 99.5 Ok

TRO 653.5 99.6 Ok

NOR 872.0 68.7 Ok

1989 JAN 10 HER 110530.4 60.8255 4.849E 1 4.5 HER 0.0 1.3 NIV

DIST IZIN Comments ...................

MORESS 364.6 274.5 Ok

1989 Jig 13 HER 41824.6 62.8521 6.262E 0 3.3 HER 0.0 2.7 NV

DIST AZIN Comments ....................

SUF 215.0 20.8 Ok

ODD 324.1 356.3 Ok

ISS 338.5 239.0 Ok

NORESS 364.8 312.6 Ok (3C)

BLS 14 387.0 355.7 Ok

KMY 409.3 7.3 Ok

N0l 55S.1 23J1 Ok

1985 JAN 15 BER 10 -. .. , . .2 HER 0.0 h .ev hzw

DIST AZIN Comments ....................

IT 255.3 197 3 (k

NOR 300.4 74.8 Ok

TKU 331. 160... Ok

IRCESS 345.6 210.6 Ok (3C)

ISS 506.6 55.6 Ok

10F ;A# If 8ER 214, '1 1',4, 1 1 PER 0.0 . W1

DIFT AZYN Cowmentpt

TP9 637. 28!. O7

NOR 681.5 317.5 Ok

359 768. 332.0 Ok

1989 IAN 20 RER 93146 ? 57 61AW o 479E I' 3 I R 0 0 4 w1W

DIST NZIN Coments ......

Ot10 384. 202.( low rp i V (I')
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NORESS 388.8 208.1 Ok (30)

BY& 416.1 160.8 Ok

SUE 437.5 149.5 Ok

ARCESS 1562.7 220.4 Ok (3C)

1989 JAN 20 BER 182953.1 66.9691 21.640E 2 3.2 BER 0.0 M 2.0 11W
DIST AZIP Comments ....................

111 237.3 197.1 Ok

NOR 315.2 71.9 Ok

TRO 317.5 158.1 Ok
ARCESS 327.7 211.0 Ok (3)

LOF 369.2 106.8 Ok
ISS 619.4 54.1 No P-arrival

1989 JAN 23 BER 140628.5 61.9521 4.404E 29 4.9 BER 0.0 5.1 4.8 M1W
DIST AZIM Coments ....................

iOESS 405.1 292.7 Ok (HF) (IP) (3C)
LOF 810.2 216.1 Ok (30)
TRO 1078.5 224.6 Ok

KTK 1166.3 236.8 Ok
ARCESS 1273.3 238.9 Ok (3)

1989 JAN 29 BER 163822.2 59.6511 6.016E 0 4.2 BER 4.6 AO 4.4 11W
DIST AZIM Comments ....................

OSG 198.6 117.0 Saturated
O1A01 300.6 245.9 Lou gain (LF)

WORESS 329.3 250.9 Ok (HF) (IP) (3C)
NSS 625.9 212.4 Ok

ARCESS 1431.1 229.4 Ok (3)

1989 FEB 14 BER 204422.3 61.0505 3.943E 21 2,8 BER 3.0 BER 3.0 11W
DIST AZI8 Comments ....................

O1AOI 376.9 276.5 Low gain (LF)
03C00 402.8 269.9 Ok (LF)

NORESS 413.8 278.2 Ok (3C)

1989 FEB 21 BER 254 3.1 65.3365 29.310E 5 4.2 BER 3.2 BER 2.9 11W

DIST ZI Comments ....................

IT 486.5 144.5 So P-arrival
ARCESS 495.6 159.0 Ok (36)
TRO 651.6 132.3 Ok

LOF 760.0 106.7 Ok (3C)

NORESS 1030.2 52.6 Ok (3C)

1989 FEB 26 BEL 33349.0 67.6 5 34.0 E 0 3.1 BEL K 3.1 M1W
DIST AZIN Comments ....................

ARCESS 407.7 117.9 Ok (3)

TK 470.6 104.5 Ok
TRO 652.1 103.2 Ok

LOF 869.4 84.4 Ok (30)

NORESS 1321.8 45.2 Ok (30)

1989 FEB 28 BER 183648.9 66.8893 21.571E 0 3.4 BER 2.2 BER N 2.1 MW
DIST AZIM Comments ....................

KT 246.7 197.2 Ok

TRO 324.9 159.1 Ok

ARCESS 337.0 210.8 Ok (36)

1989 MAR 3 BER 1049 3.2 60.6321 6.321E 4 3.2 BER 0.0 1.1 KIW
DIST AZI Com-ents ....................

UYA 59.9 173.0 Ok

ODD 78.4 34610 Ok
SUE 97.1 118.6 Ok

BLS 14 141.2 348.7 Ok
1NY 169.2 20.3 Ok

1989 MAR 11 BER 1738 2.8 67.1875 13.408E 21 3.0 BER 0.0 1.8 1MW
DIST AZIN Comments ....................
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LUr 105.5 182.1 Ok (3C)

ISS 303.4 11.9 Ok

TRt) 354.5 222.3 Ok, noisy

KTK 456.4 248.2 Ok

ARCESS 561.4 248.0 Ok, noisy

MOL 5G4.3 25.7 Ok, noisy

1989 MAR 26 HER 65042.8 66.5411 13.440E 18 3.1 BER 1.8 BER 1.9 MNW

DIST AZIM Comment ....................

LUF 171.5 181.2 Ok (3C)

IRT 413.5 216.1 Ok, noisy

KTK 496.1 240.9 k

MUL 524.7 29.9 Ok

ARCES 602.9 242.2 Ok

1989 MAR 26 EB 92910.0 72.9501 S.351E 8 4.2 BEL 2.9 MlW

DIST AZIM Comments ....................

IRU 608.8 313.6 Ok

LOF 616.4 334.3 Ok (3C)

1T1 780.6 312.3 Ok

ARCESS 812.4 307.1 Ok (3C)

19W, 'AR 26 BER 105938.9 72.4301 9.219E 1 3.3 HER 0.0 2.1 MI

DIST AZIM Comments ....................

TkO 469.7 316.1 Ok

LUk S0.9 343.3 Ok (3C)

1TK 639.8 312.9 Ok

ARCESS 671.9 306.1 Ok

1989 MAR 30 BER 145112.3 72.5003 8.450E 0 3.1 BER 0.0 2.3 KiM
DIST AZIM Comments ....................

TRO 495.3 315.0 Ok

LUF 522.9 341.0 Ok (3C)

ARCESS 698.9 306.0 Ok

1989 APR 09 8KH 44548.8 67.6149 33.860E 0 2.7 BEL N 2.5 RIM

DIST AZIM Comments ....................

Iii 464.5 104.6 Ok, Rg phase present

1989 APR 13 HER 234521.7 70.0401 9.515E 0 3.1CBER 0.0 2.2 hIW

bIST AZIM Comments ....................

Tku 364.7 281.5 No P-arrival

L969 APK it bEK 41113.4 66.6311 5.865E 13 3.ICBER 2.9LBER 2.4 MIW

uIl l &/-ill Comments ....................

LUr Juo.i 2-ib.6 Ok, short Lg-vindow

KTU 77b.6 258.3 Ok, short Lg-uindow

1 o9 APR it, MEL b3443.6 67.58 I 33.68 E 10 4.1 HEL 3.8 MXW

VI blI AZiM Com ents ....................
&. 459. 105., Ok

LUt 84t'.t b4.b Ok (3C)

1989 APR 22 HER 180310.7 67.3801 33.893F 15 3.9CBER 0.0 3.0 NIM

Vibi A/In Comments.

1aU bbv.b lUb.2 Ok

NOR 846.9 72.7 Ok

LOF 861.0 86.1 Ok, noisy

N-.. iuj. w.. fOR, nois,"

Ui,.. &&.In Comm~ents.................
Lu. loo.j 104.6 OR (3C)

, 'l 1.L4.1 Ok
iftU -fzd. *' It- U (3k
?lU.- bud. i jV. OR

&i, bIll 41. OR
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1989 MAY 18 BER 33640.6 65.9381 8.039E 16 3.0CBER 0.0 2.4 NiH
DIST AZIM Comments ....................

ISS 241.5 312.3 Ok
NOR 306.2 266.8 Ok
NOL 376.2 3.4 Ok

1989 KAY 19 BER 61658.9 68.5395 11.107E 15 3.1CBER 0.0 2.5 MIW
DIST AZIM Comments ....................

NOR 300.8 330.2 Ok

TRO 334.5 252.3 Ok

ISS 448.6 355.5 Ok
KTK 492.3 269.5 Ok

ROL 685.3 12.3 Ok

1989 KAY 19 81 111939.2 69.4311 31.557E 0 3.1 BEl K 2.6 MiW

DIST AZIN Comments ....................

1TK 332.6 78.0 Ok
T1O 492.7 86.7 Ok

1989 KAY 22 BEL 121501.6 63.19 1 21.42 E 10 3.2 BEL 2.5 M1W
DIST AZIN Comments ....................

NOR 464.4 133.9 Ok

ISS 487.8 103.5 Ok

1989 MAY 25 BER 172921.8 67.0991 20.433E 28 3.0CBER 0.0 M 2.0 MI
DIST AZIM Comments ....................

NOR 268.1 66.4 Ok
TRO 289.3 166.9 Ok

LOF 315.3 108.2 Ok (3C)
3SS 480.9 49.7 Ok
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